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PREFACE 
Hunger is a physical need for food whereas satiety is a 
conscious sensation which leads to the termination of 
eating when sufficient food is eaten. Feeding related 
pathologies are common in various disorders for example, 
anorexia is a common symptom in most of the chronic 
invasive diseases, overweight is another predisposing 
factor to ill health. Mechanisms regulating the hunger and 
satiety have been the subject of intense research for last 
several years. Various theories describing the nutrient 
level in circulation and number of endogenous substances 
mainly neurotransmitters, hormones and proteins or 
peptides have been described as regulator of hunger and 
satiety. Besides endogenous substances, some anorectic 
drugs have also been marketed in past two decades. All 
these substances exhibit their effect when administered 
exogenously. However, none of these substances have been 
shown to represent the convincing mechanism for the 
regulation of hunger and satiety and have several 
disadvantages including side effects on CNS and endocrine 
system and rebound hyperphagia on discontinuance. 
Recently it was observed that a 50 kDa glycoprotein 
"satiomem" of membrane origin is present in human and 
mammalian system having highly potent and selective 
anorectic activity. These observations opened a most 
promising new line of research intending to understand the 
control of food intake. 
In the present study an attempt has been made for the 
isolation, purification and characterization of satiomem 
from different plant sources. Effect of repeated dose of 
satiomem was analysed to observe any adverse side effect. 
Efforts have also been made to observe the therapeutic 
effect of satiomem in treatment of obesity of diabetic 
obese rats. 
It was a short step towards understanding the 
regulatory mechanism of hunger and satiety and the goal of 
finding the actual mechanism is yet to be achieved. 
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7. Scope and plan of investigation 
1. General introduction of membrane 
Cell surface research is currently most active 
area of cell and molecular biology, since it deals not 
only with the traffic of materials between the cell and 
its environment, but with many other functions related to 
the communication and interaction among the cells in a 
tissue. 
The development of plasma membrane was a crucial 
step in the generation of earliest form of life without 
it, cellular life is impossible. The plasma membrane that 
encloses every cell defines the cell's extent and mantains 
the essential difference between its content and its 
environment. These membranes are highly selectively 
permeable barriers rather than impervious walls because 
they contain specific molecular pumps and gates that 
maintain the unequal concentration of ions on either side 
and allow nutrients to enter and waste product to leave 
the cell. 
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In the course of differentiation and development 
of organism, the biomacromolecules are arranged in ordered 
fashion in the organelles such as mitochondria, 
chloroplast and lysosomes. Proper arrangement of these 
organelles further compartmentalize the cells. The plasma 
membrane, which encloses these organelles and acts as a 
discriminating barrier between external environment and 
content of organelle, behaves in many respects as a 
dynamic organelle rather than a pressure sieve or a static 
border. Any communication received by the cell require 
participation of the plasma membrane. The plasma membrane 
is programmed to receive specific incoming or outgoing 
messages which are ultimately determined by their 
composition. 
However, the world of membrane is no longer 
simple, It varies in composition, structure and function 
from species to species from cell to cell and from one 
intracellular locale to another. The cell surface 
programming is under the control of genetic material which 
ultimately control the fate of the cell. Thus in defining 
changes in membrane programming and specialization during 
development and differentiation it becomes necessary to 
determine the origin and source of plasma membrane and its 
components. 
2. Biogenesis and structirre of plasma membrane 
All biological membranes including the plasma 
membrane and internal membranes of eukaryotic cells have a 
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common overall structure: they are assemblies of lipid and 
protein molecules held together by noncovalent 
interactions, carbohydrates are contained in glycoproteins 
and glycolipids. Small amount of RNA and DNA have also 
been detected in various plasma membranes (Emmelot and 
Bos, 1972) but neither their function nor they being 
genuine components of plasma membrane has been definitely 
established. 
Present evidence indicate that the protein 
components of plasma membrane are synthesized on rough 
endoplasmic reticulum (RER) or on free ribosomes. The 
glycosylation of proteins takes place while the proteins 
are still associated with ribosomes (Hirano et al, 1972). 
There are certain signal sequences of aminoacids which 
recognize the place in ER so that the synthesized 
glycoproteins are stored in the vesicles of ER and moved 
to the golgi complex where phospholipids are synthesized. 
These two components are then assaulted in situ in golgi. 
Golgi vesicles containing glycoprotein (or protein) can 
easily be fused with plasma membrane and the newly 
synthesized protein thus transferred to the membrane 
(Campbell and Blobel, 1976). All the cell membranes are 
dynamic fluid structure and most of their lipid and 
protein molecules are able to move about rapidly in the 
plane of membrane. The lipid molecules are arranged as a 
double layer of 4 to 5 nm thick . This lipid bilayer 
provides the basic structure of the membrane and serves as 
a relatively impermeable barrier to the flow of most water 
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soluble molecules. The protein molecules are dissolved in 
the lipid bilayer and mediate various functions of 
niiembranes. Some serve to transport specific molecules 
into or out of the cell, others are enzymes that catalyze 
the membrane associated reactions and still others serve 
as structural link between the cell's cytoskeleton and the 
extracellular matrix or as receptors for receiving and 
transducing chemical signals from the cell's environment. 
The first important hypothesis of the structure of 
biological membrane was proposed by Davson and Danielli in 
1935. Important feature of their hypothesis was the 
proposal that membrane contain a continuous hydrocarbon 
phase contributed by the lipids. Some year later J.D. 
Robertson modified the hypothesis into "Unit membrane 
hypothesis". The unit membrane was proposed to consist of 
a bilayer of mixed polar lipids with their hydrocarbon 
chains oriented inwards to form a continuous hydrocarbon 
phase and their hydrophilic heads oriented outwards. 
The most satisfactory and favourite model of 
membrane structure today appears to be "Fluid Mosaic 
Model" postulated by Singer and Nicolson in 1S72 (Fig. 1). 
The essence of their model is that "membranes are two 
dimensional solution of oriented globular proteins and 
lipids". 
The major features of this model are: 
Most of the membrane phospholipid and glycolipid 
molecules are in bilayer form. This lipid bilayer has 
dual role. It is solvent for integeral membrane proteins 
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and it is also a permeability barrier. A small proportion 
of membrane lipids interact specifically with particular 
membrane proteins and may be essential for their function. 
The lipids (especially phospholipids and cholesterol) are 
arranged in a bilayer form so that their polar hydrophilic 
water soluble portion are separated by hydrophobic 
regions. The lipid layers are two dimensional liquid in 
vrhich lipid molecules are laterally moving in monolayer. 
The lipid from one polar end to other polar end cannot 
move easily. This "flip flop" movement is very slow 
because polar lipids cannot easily cross the nonpolar 
hydrophobic region. Sometimes it takes about a month for 
a lipid molecule to travel this region. However, recent 
finding of Hirata and Axelrod (1980) has shown that there 
are methyl transferase in the membrane which methylate the 
phospholipids and these methylated phspholipids can easily 
translocate from one end to the other, thus reducing the 
viscosity of membrane to allow the passage of signals. 
Specific or selective interaction between lipid 
and proteins may control protein conformation and thus 
determine enzyme activities, antigenic and receptor 
expression and impose allosteric regulations. The other 
essential principle of plasma membrane is its asymmetric 
organisation "the outer and inner surface layers differing 
in composition and function". This heterogeneity is 
understandable since the plasma membrane forms the contact 
zone between the cell interior and its surroundings and 
thus faces different task at its two sides. Yet the two 
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layers act in cooperation being capable of receiving, 
transplanting and emitting signals and messages both from 
and to the inside and outside direction. 
3. Function of plasma membrane 
(i) Compartmentation and trade 
The plasma membrane creates the compartment, 
that protects the protoplasm and allow the cell to retain 
the gradients required for life. The membrane of 
intracellular organelle provide the isolation and 
protection of machineries that fulfill specialized 
functions such as those of mitochondria and nuclei. But 
with the previlege of isolation comes the responsibility 
of trade. Thus the plasma membranes have devices that 
permit the import of food and ions from common market of 
environment which have appropriate passport of entry. It 
also have devices that allow the export of undesirable 
metabolites and waste products. 
(ii) Cell-cell interaction 
Membranes also control the flow of information 
between cells and their environment. Interaction between 
cells is recognized by specific glycoprotein or glycolipid 
receptors for external stimuli. Lateral movement of 
membrane components for example glycoproteins have been 
proposed to act in adhesion and recognition of cells 
(Roseman, 1970). The alignment of normal cells can come 
about either through structural fit of the surface 
glycoproteins or through glycosyltransferase substrate 
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2 + link via Ca . The movement of bacteria towards food, the 
response of target cells to hormones such as insulin, and 
the perception of light are processes in which the primary-
event is the detection of signal by a specific receptor in 
a membrane, in turn some membranes generate signals which 
can be chemical or electrical. Thus membrane plays a 
central role in biological communication. 
(iii) Antigenicity 
The sugar residues exposed on the surface of 
plasma membrane are responsible for a number of 
agglutination reactions. There are antigenic determinants 
present on cell surface which regulate the concentration 
of antigens bound to the membrane by a phenomenon 
designated as antigenic modulation, i.e. the movement of 
antigenic determinant to one pole of cell, also called 
"cap formarion" (DePetris and Raff, 1973). 
(iv) Permeahility 
Lipophilic molecules diffuse through membrane at 
a faster rate compared to the hydrophilic molecules. 
Larger molecule which are no:: permeable to membrane, exert 
their effect by stimulating specific receptors on the 
membrane. Smaller molecules can cross membrane by number 
of ways. 
(V) Ionic permeation 
Large globular proteins located in the bilayer 
find it energetically favourable to form channels lined by 
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polar residues (Rothschild and Stanley, 1972). These 
protein channels further enable ions to permeate through 
the membrane proteins called "permions". 
(vi) Energetics 
The two most important energy conversion processes 
are carried out by membrane system that contain ordered 
array of enzymes and other proteins; Photosynthesis in 
which light is converted into chemical bond energy, occurs 
in the inner membranes of chloroplasts, whereas Oxidative 
phosphorylation in which ATP is formed by the oxidation of 
fuel molecules takes place in the inner memorane of 
mitochondria. 
(vii)Afejnbrane transport 
The simplest mechanism of transport of substances 
is passive, through pores and depends upon solubility, 
called simple diffusion. In facilitated diffusion 
sometimes called mediated transport, the molecules are 
carried across membrane through a carrier protein which 
oscillates berween inner and outer surface of membrane. 
The second mecnanism by which molecules are transported at 
the expense of metabolic energy (ATP) is callea active 
transport. In active transport, the carrier protein is 
modified on one side of the membrane to a high affinity 
form for the penetrant and combines with the molecules to 
be transportea and crosses the membrane as a coniDlex with 
the carrier. The carrier is subsequently modified in a 
second reaction on other side of the membrane ir.ro a low 
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affinity form for the molecule thereby releasing the 
penetrant on the inner side of the membrane. The carrier 
crosses back either empty or in combination with some 
other reactant and thus the cycle is repeated. The 
metabolic energy is consumed in a chemical modification of 
the carrier eg. Na K transport. 
4. Chemical coa^sition of membrane 
4 .1 Membrane lipids 
Lipids are major constituents of cell membranes. 
Different membranes seem to be characterized by a 
heterogenous population of lipids. Cholesterol is 
generally present in mammalian plasma membrane, while 
intracellular mammalian membranes and bacterial membrane 
possess little or none. The relative properties of 
glycolipids and phospholipids also varies considerably 
from one type of membrane to other. Considerable 
variation is found in distribution of the different 
phospholipid classes in each membrane. The lipid 
composition of many membranes can be altered by 
environmental influences such as diet or temperature, so 
that individual membrane function appears to be relatively 
insensitive to precise lipid composition. 
Animal cell membrane in general contains three 
classes of lipids: phospholipids, sterols and glycolipids. 
(i) Phospholipids 
There are two types of phospholipids found in 
membranes the glycerophosphotides and the 
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sphingophospholipids. Glycerophosphotides are the most 
abundant among membrane lipids. The major 
glycerophosphotides found in cell membranes are 
phosphatidyl choline, phosphatidyl ethanol amine, 
phosphatidyl serine and phosphatidylinositol. 
Plasmalogens, lysophosphatides, phosphatidic acid and 
cardiolipin are also occasionally found in cell membranes, 
but they constitute the minor components. 
Sphingophospholipids and sphingomyelin are also present in 
varying amounts. There are considerable variations in the 
phospholipid composition of various cellular membranes, 
for example, the bovine erythrocytes contain little or no 
phosphatidyl choline, but high level of sphingomyelin. 
(ii) Sterols 
Cholesterol is the predominant neutral lipid of 
plasma membrane, other neutral lipids such as glycerides 
and cholesteryl esters are only occasionally present as 
minor components. The molar ratio of cholesterol to 
phospholipid of various plasma and intracellular membranes 
vary considerably. Plasma membrane have 
characteristically high cholesterol to phospholipid ratio 
as compared to intracellular membranes (Kidwai et al, 
1973). Recently, the variation in cholesterol to 
phospholipid ratio have been shown in the hepatic plasma 
membrane and endosome subfractions of the same tissue 
(Evans and Hardison, 1985). 
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(iii)Glycolipids 
Glycosphingolipids and glycoglycerolipids are the 
two major glycolipids found in mammalian cells. 
Glycosphingolipids are composed of sphingosine, fatty acid 
or fatty ether and carbohydrate. It has been shovm that 
the glycolipids together with glycoproteins constitute the 
blood group substance of erythrocyte membrane (Sweely and 
Dawson, 1969). The glycolipids also function as receptors 
for toxins, interferon, and hormones and may have role in 
cell-cell interaction (Hakomori, 1975). 
4.2 Membrane proteins 
Membranes vary in behaviour from one cell type to 
another by the variation of their complement of attached 
proteins. The mitochondrial membrane proteins differ 
markedly from the plasma membrane proteins and the plasma 
membrane components of liver cell are strikingly different 
from those of an intestinal cell. 
Membrane proteins have wide range of functions. 
They transport molecules into and out of cells. They 
receive signals from hormones and other chemicals in the 
surrounding fluid and transmit these signals to cell 
interior. They act as anchors for cytoskeletal components 
and for components of extra cellular matrix. Finally the 
various enzymes bound to the plasma membrane as well as to 
the membrane surrounding specific organelles allow 
different chemical reactions to be catalyzed in different 
parts of the cell. 
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Proteins attach to membrane in many different ways 
which reflect their different functions in the cell. 
Peripheral proteins or extrinsic proteins are usually 
bound only to surface either indirectly by interaction 
with integeral membrane proteins or directly by 
interaction with lipid polar head groups for example 
ankyrin, spectrin and glycocalyx. Integeral membrane 
proteins or intrinsic proteins have one region buried 
within the membrane and another protruding outside of it. 
Most integeral proteins but not all contain polar regions 
on both sides of the membrane, such proteins span the 
membrane and are called transmembrane proteins. 
4.2.1 Anchor proteins 
Until recently it was believed that the important 
interactions between proteins and lipids which give 
membrane its structural integerity were all noncovalent in 
nature (Singer and Nicolson, 1972). However, its 
probability has been ruled out in last decade that many 
proteins in cell membrane contain covalently attached 
lipid. The attached lipid may be responsible for 
anchoring of the protein, but in most cases attached lipid 
does not seem to serve this function. In fact in the 
group of proteins which contain a covalently attached 
glycosylated phosphatidylinositol moiety there is 
considerable evidence that the attached lipid is 
responsible for membrane anchoring. This type of anchor 
is diversely distributed between different organisms from 
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protozoan parasites to electric ray torpedo and several 
nannnalian species. 
Anchor proteins are directly associated with the 
polar head group of phosphatidylinositol on an individual 
basis and not indirectly as part of a complex containing 
several different proteins. Alkaline phosphatase and 
acetylcholinesterase, the well known anchor proteins, will 
not reassociate with phosphatidylinositol after they are 
released from the membrane by phosphatidylinositol 
phospholipase C (Low et al 1980). This observation in 
combination with the fact that these proteins cannot be 
released from the membrane by manipulation of the ionic 
environment indicates that the interaction between 
phosphatidyl- inositol and the anchor protein is 
irreversible and nonionic in character. 
Membrane anchor proteins are released by 
phosphatidyl- inositol (PI) specific phospholipase C. The 
phenomenon is quite specific in that many other membrane 
components are not released by Pl-Phospholipase C. This 
indicates that releasing effect of Pl-Phospholipase C are 
unlikely to be due to a disruptive effect on membrane 
structure such as microvesiculation which is often 
produced by treatment with non specific phospholipase C. 
Anchoring of proteins at the cell surface is, in 
general, easier to study than at intracellular locations 
consequently the involvement of PI in the anchoring of for 
example, cytoplasmically oriented proteins has received 
little attention. However, the observation that this 
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relatively complex lipid is attached to an extremely 
diverse group of proteins has suggested that it may serve 
other functions in addition to attachment to membrane (Low 
et al, 1986). 
4 .3 Afeinbraiie carbohydrates 
All eukaryotic cells have carbohydrates on their 
surface, mostly as oligosaccharide side chains covalently 
bound to proteins (glycoproteins) and to lesser extent 
bound to lipid (glycolipids). In total, the proportion of 
carbohydrate in plasma membrane varies between 2% and 10% 
by weight. The oligosaccharide side chains of the 
glycolipid and glycoproteins of both internal and plasma 
membrane are located exclusively on the noncytoplasmic 
surface, in plasma membranes the sugar residues are all 
exposed on the outside of the cell, while in internal 
membranes they are all facing inward toward the lumen of 
membrane bound compartment. The term cell coat or 
glycocalyx are often used to describe the carbohydrate 
rich peripheral zone at the surface of most eukaryotic cells, 
Of the more than 100 different monosaccharides 
found in nature only 9 occur in membrane glycoproteins and 
glycolipids. The principal ones are galactose, mannose, 
fucose, galactosamine, glucosamine, glucose and sialic 
acid. These carbohydrate chains can be complex and in 
many cases their precise sequences are unknown. The most 
important carbohydrate rich components of membrane are 
glycoproteins, glycosaminoglycans and proteoglycans. 
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4.3.1 Glycoproteins 
Glycoproteins are rather ubiquitous in nature and 
constitute a major segment of protein profile in most 
eukaryotes. Plasma membrane of mammalian cells have been 
characterized with higher content of glycoprotein and 
glycosphingolipids as indicated by the higher 
incorporation of radioactive fucose or glucosamine into 
isolated plasma membrane (Gahmberg and HaJcomori, 1976) 
In fact the amount of glycoprotein bound fucose are good 
markers for plasma membrane. During the last several 
years surface glycoproteins have been implicated in a 
variety of biological phenomena such as cellular adhesion, 
cell-cell recognition, the lymphocyte homing phenomenon, 
lectin induced agglutination of transformed cells, 
specific recognition of homologous cells by tectal cells 
during a particular term of development and histotypic 
aggregation of retinal cells and of sponge cells. 
The adhesive glycoprotein fibronectin (Katayana et 
al, 1989) which has binding site for many other 
extracellular proteins plays a role in variety of cellular 
processes including cell to substrate adhesion, cell 
migration and regulation of cell morphology. Fibronectin 
interacts with cells by means of a distinct cell binding 
domain that is characterized by the presence of the Arg-
Gly-Asp. sequence. This sequence has also been implicated 
in many other cell adhesive proteins to serve as a basic 
unit for the interaction with cell surfaces. Undulin is a 
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novel member of fibronectin-tenacin family of 
extracellular matrix glycoproteins (Just et al, 1991). 
Epithelia that are often exposed to hostile 
environment often protect themselves by the secretion of 
mucus. This mucus forms a gel on the epithelial surface 
and function as first line of defense against noxious 
agents, bacteria and mechanical forces. The most 
important gel forming component of mucus are mucus 
glycoproteins (mucin). The molecules are polydisperse and 
contain upto 80% (w/w) 0-linked carbohydrates that mask 
most of the peptide backbone of the mucin. Recently 
several mucin have been characterized using peptide 
specific antibodies, human bronchial mucin, porcine and 
bovine submaxillary mucin and a human epithelial mucin 
(Dekker et al, 1989). 
4.3.2 Glycosamlnoglycans (GAGs) 
Glycosaminoglycans formerly known as 
mucopolysaccharides are long unbranched polysaccharide 
side chains composed of repeating disaccharide units. 
They are now called glycosaminoglycans because the two 
sugar residues in repeating disaccharide is always an 
amino sugar (N-acetyl glucosamine or N-acetyl 
galactosamine) Glycosaminoglycans are highly negatively 
charged due to the presence of sulfate or carboxyl groups 
or both on many of the sugar residues. Seven groups of 
glycosaminoglycans have been distinguished by their sugar 
residues including hyaluronic acid, heparan sulfate, 
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keratan sulfate, dermatan sulfate etc. With the discovery 
of glycosaminoglycans associated with the surface of cell 
it was realized that these molecules could act as anchors 
or receptors and bind circulating molecules. This could be 
true because glycosaminoglycans are strong polyanions and 
all molecules that at physiological pH are positively 
charged may conceivably bind to the cell associated 
glycosaminoglycan. 
All the glycosaminoglycans are linked to protein 
molecule to form the proteoglycan. Proteoglycans are very 
much different from typical glycoprotein. Glycoproteins 
usually contain 1% to 40% carbohydrate by weight in the 
form of numerous relatively short (generally less than 15 
sugar residues) branched oligosaccharide chains of 
variable composition which often terminate with sialic 
acid. In contrast proteoglycans are much larger and they 
usually contain upto 90-95% carbohydrate by weight in the 
form of many long, unbranched glycosaminoglycan chains 
usually without sialic acid. 
4.3.3 Proteoglycans 
Proteoglycans are ubiquitous constituents of 
extracellular matrix and cell surfaces. Proteoglycans 
consist of protein core with one or more covalently 
attached unbranched chains of carbohydrate called 
glycosaminoglycan. Several structurally distinct types of 
proteoglycans have been described and their only common 
feature may be the presence of glycosaminoglycan. However, 
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the diversity of proteoglycan is likely to be much lower 
than other type of glycoproteins. Proteoglycans have been 
suggested to be involved in many important and diverse 
cell-cell and cell-matrix adhesion, regulation of cell 
growth and modulation of lipid metabolism (Ruoslahti, 
1989). The versatility of proteoglycans and their 
capacities for multiple interactions with other molecules 
give them the ability to function as multipurpose 'glue' 
in cellular interactions. They can bind together 
extracellular matrix components, mediate the binding of 
cells to the matrix and capture soluble molecules such as 
growth factors into the matrix and at cell surface. Many 
of the interaction of proteoglycan with other substances 
are mediated by the glycosaminoglycan component. The 
glycosaminoglycan protein interactions may require 
specific sugar sequences in the glycosaminoglycan. 
Alternatively binding may be charge dependent e.g. more 
highly sulfated the glycosaminoglycan, the better it will 
bind to fibronectin. Not all proteoglycan interactions 
are mediated by glycosaminoglycans. The core protein of 
proteoglycan is also capable of interacting with other 
macromolecules. In cartilages large aggregates are formed 
by the association of many chondrotin sulfate proteoglycan 
to a single hyaluronic acid molecule. Electron microscopic 
studies suggests that proteoglycans are arranged in an 
orderly manner along collagen fibers in a variety of 
tissues including cartilage, aorta and tendons. The cell 
adhesion glycoprotein fibronectin and laminin occur in 
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close association with heparan sulfate proteoglycans in 
extracellular matrices in vivo and cell culture system. 
There have been reports of both quantitative and 
qualitative changes in glycosaminoglycans associated with 
the surface of transformed cells compared to their normal 
counterparts, but the role of cell surface 
glycosaminoglycans in malignant transformation remain 
unclear. By virtue of their interaction with 
extracellular matrix molecules, cell surface proteoglycan 
molecules can affect cell adhesion. Syndecan (Saunders et 
al, 1989) a membrane intercalated proteoglycan carries 
both heparan sulfate and chondroitin sulfate chains. It 
can bind to collagen and fibronectin through its heparan 
sulfate chains and mediate cell adhesion. 
Role of glycosaminoglycan component of 
proteoglycan in growth control go back several years in 
literature. Heparin and dextran sulfate have long been 
known to be capable of inhibiting cell proliferation and 
more recently such an activity has also been attributed to 
heparan sulfate derived from cell surface proteoglycan(s) 
of endothelial cells and hepatocytes (Castellot et al, 
1987), The molecular mechanism of heparin/heparan sulfate 
mediated growth effects are not known, but the available 
evidence suggests that internalization of 
glycosaminoglycans by the cell may be important and that 
the internalized glycosaminoglycan reaches the nucleus of 
the cell and may exert its growth inhibitory influence 
there (Ishihara et al, 1986). 
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These examples of varied regulatory effects of 
proteoglycan serve to illustrate the versatility and 
importance of this class of molecule. It is likely that 
in the coming years increasing eimount of research activity 
will be aimed at the elucidation of proteoglycan function. 
5. Hunger and satiety 
The acquisition and consumption of food is 
essential for survival of all species. Hunger is defined 
as physical need for food whereas appetite is emotional 
desire to eat and satiety is a voluntary act induced by 
conscious sensation which leads to the termination of 
eating when sufficient food is eaten. Anorexia is loss of 
appetite under certain pathological conditions. Satiety 
is manifested by verbal reports of comfort, pleasantness 
and satisfaction in humans and by rest in animals. It may 
be hypothesized (Ako et al, 1988) that any true satiety 
agent should fulfil the following criteria 
(a) It must decrease food intake upon administration 
(b) Its concentration in plasma or rate of urinary 
excretion must relate directly to food intake and 
(c) It should not be anorexigenic only because it induces 
malaise. 
Obesity is the result of of an energy intake in 
excess of energy output and may be due to increased 
appetite because of some impairment of central mechanism 
regulating the food intake. Many complications can arise 
due to obesity such as hypertension, diabetes, increased 
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incidence of gall stone, lowering of life expectancy etc. 
(Taylor, 1961). 
Anorexia nervosa most often occurs in young women 
near the age of puberty, is characterized by a fear of 
becoming obese. Anorectic patients typically avoid sweets 
or foods thought to be fattening yet describe themselve as 
hungry and show inordinate interest in food. In contrast 
another eating disorder Bulimia nervosa most often occurs 
in patients who also have distortion of body image but 
whose weight remains within a normal range and who have 
never had a history of anorexia nervosa. These patients 
have recurrent binge eating episodes, particularly of 
sweet foods that are often followed by purging. While the 
reasons for abnormalities of appetite behavior are nor 
known, it has been postulated that such abnormalities 
could be due to disturbances in one or more of the 
neurotransmitters in central nervous system known to 
modulate feeding. 
The integeration of impulses causing appetite 
regulation takes place mainly in the hypothalamus (Morley 
and Levine, 1983). It monitors and integerates the 
complex sensory and metabolic input concerning the 
nutritional status of the organism and transducing this 
information into appropriate adjustment in eating 
behaviour. The ventromedial hypothalamus (Fig. 2) is 
known as satiety centre because chemical or electrical 
stimulation of this area was found to induce lowering of 
food intake (Powley et al, 1978) whereas chemical or 
VENTROMEDIAL 
HYPOTHALAMUS 
OPTIC TRACT (Sat.Qty Centre) 
VENTRICLE 
PARAVENTRIC 'JLAR 
NUCLEUS 
LATERAL HYPOTHALAMUS 
(Feeding Centre ) 
PERIFORNICAL AREA 
Fig. 2—Coronal section of brain showing hunger and satiety centre, 
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electrolytic lesion of this area resulted in hyperphagia 
or obesity (Brobeck et al, 1943). Anand and Brobeck 
(1951) showed that electrical or chemical stimulation of 
the lateral hypothalamus increased food intake and caused 
obesity. However, lesion caused marked reduction in body 
vreight. This centre was identified as the feeding centre. 
The stimulation of lateral hypothalamus also produces a 
series of anabolic responses, including increase in 
insulin release, hepatic glycogen synthesis and gastric 
acid secretion (Powley and Laughton, 1981). 
6. Theories, factors and endogenous substances regula-
ting hunger and satiety 
The mechanism regulating the appetite and food 
intake behaviour have been the subject of intense research 
for many years but the actual regulatory mechanism is not 
yet established. Uptil now several endogenous substances, 
factors and theories have been postulated to explain the 
regulatoiry mechanism of appetite but a most convincing 
mechanism is yet to come. Among the earlier theories 
proposed were 
6 .1 Appetostat theories 
According to these theories elevated level of 
nutrients serve as sensors in appetite control. In 1953 
Jean Mayer proposed the 'glucostat' theory. 
Glucoreceptors present in ventromedial hypothalamus might 
monitor arteriovenous differences of glucose. The 
arteriovenous differences have been found to be low in 
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starved animals and high in the ones that have been fed. 
A satisfactory degree of correlation was observed between 
small differences of glucose and subjective feeling of 
hunger. The 'lipostat' theory was proposed by LeMagnen et 
al in 1973 and states that fatty acids released during 
lipolysis could signal feeding behaviour. They 
demonstrated variation of lipolysis and lipogenesis 
correspond to daily periods of hypophagia and hyperphagia. 
'Aminostat' theory (Mellinkoff et al, 1956) proposed that 
an inverse relationship exists between plasma aminoacid 
level and appetite in humans. It suggested that 
qualitative presence of aminoacids is more important than 
the total quantity of aminoacid nitrogen in governing 
appetite. Tyrosine and Tryptophan serve as precursors for 
monoamines that have also been shown to modulate feeding 
behaviour. Levine and Morley (1982) proposed that purines 
which occur in brain in high concentration modulate 
feeding by interaction with benzodiazepine receptors and 
suppresses the feeding. Inosine is an endogenous 
modulator of satiety. A 'thermostat' hypothesis was 
proposed by Brobeck (1948). He postulated that animals 
eat to keep warm and stop eating to prevent hyperthermia. 
Later Booth (1978) postulated the existence of an energy 
indicator. 
The various 'stat' theories suggest as if a single 
or multiple factor act peripherally in elicitation of 
hunger and do not explain the central mechanism underlying 
satiety and hunger. While it cannot be denied that 
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component of diet are directly or indirectly involved in 
regulation of hunger or appetite it must be emphasized 
that feeding or anorectic response of an animal are 
regulated by complex interplay of neurotransmitters in the 
central nervous system. 
6 .2 i\reurotraiisjnitters in regulation 
The specific neurotransmitters which play a role 
in control of food intake and appetite for a specific 
macronutrient include monoamines, the aminoacid gamma 
aminobutyric acid (GABA), and variety of neuropeptides. 
6.2.1 Monoamines 
Four monoamines viz. noradrenaline, dopamine, 
adrenaline and serotonin play an important role in 
appetite regulation and mediate signals from periphery to 
hypothalamus Leibowitz (1976) suggested that two separate 
catecholaminergic mechanisms control hunger. First the 
stimulation of adrenoreceptors in the paraventricular 
nucleus elicits hunger. It also inhibits satiety centre 
in the ventromedial hypothalamus (Leibowitz, 1980) 
resulting in feeding. Noradrenaline act through this 
system. The second mechanism involves B-adrenoreceptors. 
Their stimulation results in satiety due to inhibition of 
lateral hypothalamic feeding system. Dopamine and 
adrenaline act through this system and induce satiety 
(Leibowitz, 1986). Amphetamine an anorectic drug also act 
through same mechanism. 
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Serotonin or 5HT (5 hydroxytryptamine) acts on 
ventromedial hypothalamus and inhibit feeding (Blundell, 
1979). Stimulating action of 5HT on the hypothalamic 
release of CRF (Corticotropin releasing factor) has been 
observed both in vitro and in vivo (LeFeuvre et al, 1991). 
It is therefore possible that the central action of 5HT 
on food intake involve the release of CRF. There are 
number of reports in which inhibitors of 5HT uptake 
produced anorexia in rodents. Sertraline, fluoxetine, ORG 
6582 and FG 4963 potently block the uptake of serotonin 
and when administered systematically decrease the food 
intake (Simansky and Vaidya, 1990). Serotonin antagonists 
metergoline, methysergide and methiothepin antagonized the 
anorectic action of CM 57227 and CM 57373 which act mainly 
through central serotoninergic mechanisms (SimansJcy and 
Vaidya, 1990; Fuller and Snoddy, 1990). Cerebral 
intraventricular injection of 5,7 dihydroxytryptamine, a 
serotonin antagonist induces hyperphagia in rats 
(Grandison and Guidotti, 1977). 
5.2.2 Neuropeptides 
During the last decade numerous peptides have been 
discovered to influence food intake acting as 
neurotransmitters in central and peripheral nervous 
system. They include cholecystokinin, corticotropin 
releasing hormone, oxytocin, opioid peptides, peptides of 
pancreatic polypeptide family and other short peptides. 
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6.2.2a Cholecystokinin (CCK) 
It is generally accepted that food ingestion 
is regulated by a central feeding drive that is held in 
check by a peripheral satiety system during meal feeding. 
The peripheral satiety system responsible for termination 
of meal appears to be the release of gastro intestinal 
peptide in response to the passage of food through the 
gut. CCK, a 33 aminoacid hormone was first isolated from 
the gastrointestinal (GI) tract. CCK is heterogenous 
consisting of different molecular forms. The predominant 
form is CCK-8. The most prominent central nervous effect 
of CCK is the inhibition of food intake and induction of 
satiated behaviour (Gibbs et al, 1973). CCK decreased 
food intake in a dose dependent manner when injected 
continuously into the lateral cerebral ventricle of 
fasted sheeps (Della-Ferra and Baile, 1979). CCK appears 
to be more potent when injected peripherally than when 
injected into cerebral ventricles in most but not all 
species. These finding suggests that the major site of 
action for the satiety effect of CCK is peripheral rather 
than central. In addition intraperitoneal injections 
produced greater satiety than subcutaneous intravenous or 
intraportal injections. Thus the satiety response 
elicited by CCK is likely related to the effect of CCK on 
the GI tract or on a closely related structure the vagus. 
Dourish et al (1989) showed that CCK-A antagonist MK 329 
and the CCK-B antagonist L-365, 260 increased food intake 
in partially satiated rats and postponed the onset of 
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satiety suggesting that CCK cause satiety by an agonist 
action on CCK-B receptors in brain. Satiety effect of CCK 
is blocked by vagotomy and by lesions of the nucleus 
tractus solitarius, ventromedial hypothalamus and 
paraventricular nucleus (Dourish et al, 1989). CCK 
simultaneously injected into III cerebroventricle with 
progltunide, a selective antagonist of CCK almost 
completely eliminated CCK effect (Shiraishi, 1990). 
6.2.2b Corticotropin releasing hormone (CRH) and oxytocin (OT) 
Both CRH and OT have been implicated in the 
modulation of food intake and gastric functions in animals 
via action within CNS. CRH is a 41 residue hypothalamic 
neuropeptide recently shown to be the primary 
neuroendocrine stimulus to the secretion of 
adrenocorticotropin releasing hormone (ACTH) by the 
anterior pituitary gland (Vale et al, 1981). 
Intracerebroventricular (ICV) injection of CRH causes a 
decrease in food intake (Krahn et al, 1986), gastric 
emptying and gastric motility in multiple species. 
Central administration of OT like CRH also inhibits food 
intake and gastric motility (Arletti et al, 1989). Glowa 
et al (1991) working with Rhesus monkeys observed that 
central administration of CRH selectively decreased food 
associated behaviours. The effect of CRH was consistent 
with a sympathomimetic response and may have produced a 
conditioned aversion like effect to food. These findings 
in the monkeys are consistent with a role for increased 
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levels- of CRH in clinical disorders such as anorexia 
ne.rvosa. Sauvagine a frog skin peptide has structural 
siJDailarities with CRH and was found to be more potent 
inhibitor of feeding than CRH (Gosnell et al, 1983). 
The inhibition of food intake in rats that results 
from various anorexigenic treatment is frequently-
associated with pituitary secretion of OT. Olson et al 
(1991) have demonstrated that ICV administration of an OT 
receptor antagonist abolished the anorexia induced in rats 
by systemic administration of CRH, CCK, hypertonic saline 
or lithium' chloride, treatments that are known to 
stimulate pituitary OT secretion as well as to inhibit 
food intake. 
6.2.2c Bombesin and Somatostatin 
They are short peptides whose main function 
is to inhibit the food intake. Bombesin is a gut peptide 
of 14 aminoacid residues originally isolated from the skin 
of frog. Bilateral injections of small amount of bombesin 
(3 pmol) into lateral hypothalamus results in significant 
reduction of food intake (Stuckey and Gibbs, 1982). 
Unlike other satiety agents like CCK effect of bombesin is 
not altered by vagotomy. Litorine a nonapeptide also has 
bombesin like activity in reducing food intake. 
Somatostatin is a cyclic polypeptide of 14 aminoacids is 
known to inhibit the release of growth hormone and to 
inhibit food intake (Vijayan and McCann, 1977). Its 
effect on feeding can be overcome by vagotomy. 
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6.2.2d Opioid peptides 
It dates back to 1977 when Grandison and 
Guidotti first time demonstrated the appetite stimulatory 
action of B- endorphins, later in 1982 McLean and Hoebel 
reinforced these studies by demonstrating that 
microinjection of endogenous opioids like R- endorphin and 
Met-enkephalin into discrete hypothalamic nuclei 
stimulated feeding. Opiate hypothalamic nuclei stimulated 
feeding. Opiate antagonist naloxone was found to inhibit 
feeding through the effect on CNS (Jones and Richter, 
1981) in a variety of species. Among the three opiate 
receptors mu, delta and kappa present in brain kappa 
receptors play an important role in feeding. Central 
administration of dynorphin an endogenous opioid peptide 
which bind to kappa receptors was also found to induce 
feeding (Katz, 1980) in rats. Cyclazocine compounds 
induce very strong feeding behaviours by acting as 
endogenous ligands for kappa receptors (Korley et al, 
1983) whereas kappa antagonist MR 2266 was found to be a 
potent inhibitor of feeding (Ferguson et al, 1982). 
5.2.2e Pancreatic polypeptides 
The structurally related CNS peptides 
neuropeptide Y (NPY) and peptide YY (PYY) have been found 
to be among the most potent endogenous stimulant of eating 
behaviour. Both peptides stimulated feeding behaviour in 
satiated rodents when injected intracerebroventricularly 
or into the paraventricular nucleus of the hypothalamus 
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(Morley et al, 1985, 1987). PYY injections in 
paraventricular nucleus are approximately three times as 
potent as NPY in stimulating feeding (Stanley et al, 
1985). Both of these peptides are found in hypothalamus 
which provide anatomical support for their site of action 
on feeding behavior. NPY is amongst most abundant peptide 
in CNS. Aside from NPY and PYY only norepinephrine, the 
opioid peptides and galanin consistently increase feeding 
(Kaye et al, 1990). 
6.2.2f Other peptides 
Besides above many other peptides have been 
shown to influence food intake. For example Thyrotropin 
releasing hormone (TRH) decreased food intake when 
injected intracerebro ventricularly (Geary and Smith, 
1983). Cyclohistidyl proline diketopiperazine (C-His-Pro) 
a cyclic peptide derived from TRH by its limited 
proteolysis was found to be much more potent than TRH in 
inhibiting feeding behaviour (Morley et al, 1981). 
Central administration of calcitonin to rats showed potent 
anorectic effect lasting upto 32 hr (Levine and Morley, 
1981). The presence of receptors for calcitonin have been 
demonstrated in brain (Rizzo and Goltzman, 1981). Calcium 
chloride is reported to stimulate feeding which can be 
reversed by calcitonin. Neurotensin can also suppress 
food intake by a central mechanism (Sanders et al, 1978). 
Amylin a polypeptide present in rat hypothalamus have been 
shown to inhibit food intake in rats (Balasubramaniam et 
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al, 1991). Furthermore rat amylin completely blocked the 
orexigenic effect of neuropeptide Y. An aminoacid. Gamma 
amino butyric acid (GABA) has been shown to have dual 
effect on feeding behaviour depending upon the region of 
brain involved. GABA inhibits feeding when injected into 
lateral hypothalamus (Morley, 1980). It also acts to 
potentiate feeding when released specifically into 
paraventricular nucleus (Cooper, 1980). 
6.3 Eormone 
Several hormones play an important role in control 
of food intake. Food intake increased in mice treated 
with thyroxine (Donhoffer and Vonotzky, 1947). Plasma 
insulin is reported to cross the blood brain barrier in 
mammals and acts with CNS to reduce food intake. Direct 
injection of insulin into ventromedial hypothalamus 
decreased food intake in rats (Hatfield et al, 1974). ICV 
administration of insulin inhibits food intake in rats. 
In insulin deficiency diabetic patient is hungry most of 
the time. As soon as the diabetic condition is controlled 
the hunger drive returns to normal (Strieker, 1984). 
Studies carried out by Schulman et al (1957) on human 
volunteers demonstrated that glucagon decreased food 
intake and reduced their body weight. Adrenal steroids 
are also supposed to play a role in regulation of food 
intake as adrenalectomy of obese mice reduced food intake 
and increased activity of thermogenic pathways in brown 
adipose tissues (Bray, 1986). Besides above, gonadal 
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steroids and growth hormone are also reported to influence 
feeding behaviour (Bray, 1974; Kennedy and Parrot, 1958). 
6 .4 Anorexigenic proteins 
Among the endogenous anorectics soae proteins have 
also been reported to decrease food intake in animals and 
humans. Knoll (1979) observed that highly selective and 
potent endogenous stimulant of satiety centre exist in the 
blood. The presence of this blood borne anorectic protein 
ncimed as "satietin" in human and animal serum/plasma 
proved to be highly specific in inhibiting the food 
intake. It was characterized as glycoprotein of 50000 Da 
molecular weight (Knoll, 1982) . Satietin was isolated 
from human plasma and identified as a previously unknown 
a glycoprotein (Knoll, 1988). An unusually high 
carbohydrate content (70-75%) and a protein content of 14-
15% was described for satietin (Knoll, 1987). It was 
found to be resistant to TCA. Further studies revealed 
the presence in human seriom of a close relative to 
satietin, named satietin-D. This substance proved to be a 
glycoprotein with a molecular size of 43-45 kDa (Knoll, 
1985). Similar to satietin an anorexigenic substance has 
been isolated from rats and mice feces (Tsuda et al, 1982) 
as well as from rat urine (Kinoshita et al, 1982; Ako et 
al, 1988). 
In addition to neurotransmitters, proteins and 
endocrine factors few latest endogenous anorectics and 
physical factors are also discovered they include-
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6.5 Cancer anorexia 
The prevalence of cancer induced anorexia is wide 
spread with 75% of cancer patients exhibiting disturbances 
in appetite (Morrison, 1976). Studies employing animal 
model of cancer anorexia indicate that a hiimorally 
elaborated factor appears to be of primary importance in 
maintaining anorexia. In addition resection of tvunor mass 
was associated with the rapid return of normal feeding 
(Chance at al, 1988). Chance et al (1991) reported that 
blood ammonia concentrations were doubled at the onset of 
anorexia in rats bearing methyl cholanthrene induced 
sarcoma and buffalo rats bearing Moriss hepatoma. They 
also observed that infusing ammonium salts intravenously 
into normal rats induced anorexia at blood concentration 
of ammonia that were equivalent to those observed in tiimor 
bearing rats. In addition they also described rapid 
normalization of blood ammonia level following removal of 
tumor mass in rats suggesting the association of 
hyperammonimia with anorexia. Anorexia and hyperammonemia 
appear to coexist in variety of other diseases also, 
children with urea cycle dysfunction exhibit severe 
anorexia. 
Krause et al (1981) have shown that tumor bearing 
animals with anorexia have high level of serotonin and its 
precursor aminoacid tryptophan in brain. In recent years 
the existence of tight relationship between eating 
behaviour and brain serotonin turnover has been confirmed 
in a series of different clinical and experimental 
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conditions (Kennet and Curzon, 1988). Cangiano et al 
(1990) have shown the presence of abnormally high CSF 
tryptophan level in the presence of cancer anorexia only. 
He has also shown significantly higher level of taurine, 
glutamic acid, methionine and orTiithine in plasma of 
cancer patients than in controls. These differences may 
be due to greater release of these aminoacids by the 
cancer tissue into the blood stream. Megesteral acetate 
therapy improves appetite and food intake in patients with 
anorexia and advanced cancer leading to weight gain in a 
subset of patients (Tchekmedyian et al, 1991). 
6.5 Cachectin or Tumor necrosis factor (TNF) 
Under inflammatory conditions as well as 
infectious diseases there is decreased food intake which 
can progress to cachexia (wasting of body) and death by 
starvation. With its high prevalence in human iramuno 
deficiency virus infected patients, cachexia is becoming 
an increasingly important problem, yet it remains poorly 
understood. Cachectin or TNF is one of several host 
derived and tumor cell products that have been suggested 
as mediators of the metabolic changes associated with 
cachexia. It can suppress key metabolic enzymes and can 
induce cachexia in experimental animals (Ogawa et al, 
1989). Cachectin is a polypeptide hormone composed of 
subunits of relative molecular mass (Mr. 17000 Da) 
arranged in dimeric, trimeric and pentameric form 
depending on species and method of isolation (Beutler and 
37 
cerami, 1986). The protein is irreversibly denatured by 
boiling. There is no firm evidence to suggest that 
protein is glycosylated in any species. Cachectin when 
administered to animals in moderate dose induces a state 
of anorexia and ensuing weight loss coupled with cachexia 
(Oliff, 1988). 
6.7 Prostaglandins 
Interleukin-l(IL-l) and Tumor necrosis factor are 
potent inducers of prostaglandin (PG) synthesis and 
injection of PG-E, IL-1 or TNF decreases food intake in 
healthy animals whereas the anorexigenic effects of 
injected IL-1 and TNF are blocked by cyclooxygenase 
inhibitors of PG synthesis (McCarthy and Daun, 1993). It 
has been hypothesized that host secretion of IL~1 and TNF 
contribute to tumor induced anorexia but administration of 
cyclooxygenase inhibitor did not altered the food intake 
in anorectic rats implanted with walker 256 carcinoma 
concluding that PG do not mediate tumor induced anorexia. 
6.8 Interleukin-1 (IL-1) 
It has been reported recently that the CNS action 
of IL-1 are mediated by the PG system in brain. IL-1 is 
also known to stimulate the release of corticotropin 
releasing factor, a known anorectic described above. 
Indomethacin, an inhibitor of PG biosynthesis, might 
alleviate the IL-1 induced suppression of food intake in 
rats. Uehara et al (1989) observed that i.p. injection of 
IL-1 resulted insignificant decrease in food intake. The 
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preinjection of indomethacin however, completely blocked 
the anorexic action of the monokine. While indomethacin 
on its own did not affect food intake suggesting that 
indomethacin might be clinically useful for improvement of 
the anorexic state of patients with acute infectious 
disease. Recombinant human IL-1 and recombinant murine 
IL-1 significantly reduced food intake at 4 ug/kg i.p. 
dose. The anorexic effect appears to be mediated by 
prostaglandins, since pretreatraent with Ibuprofen (an 
inhibitor of PG biosynthesis) completely blocked it 
(Hellerstein et al, 1989). 
6.9 Endogenous satiety substance, 2 Butene 4 olide 
Two short chain sugar acids 3,4,dihydroxybutanoic 
acid lactone (3,4-DB) and 2,4,5-trihydroxypentanoic acid 
Lactone (3,4,5 TP) have been identified in serum and 
found to act as endogenous satiety and hunger substances 
respectively (Shimizu et al, 1984). Intravenous 3,4-DB 
however, has no effect on the amount of food eaten by rats 
because of its low penetration of blood brain barrier 
(Shimizu et al, 1984). Recently 2 - Butene - 4 - olide a 
synthetic derivative of 3,4,DB has been found by Oomura's 
group (ralata et al, 1986) in the serum of both men and 
rats (Palata et al, 1986; Nagai et al, 1986), its 
penetration of blood brain barrier permits inhibition of 
food intaxe by suppressing the neuronal activity of vagus 
nerve ac-ing on central nervous system. 
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6.10 Genetically obese Zucker rats 
The hyperphagia of the genetically obese fatty 
rats is well documented (Vasselli, 1985) obese rats show a 
reduced feeding inhibitory response to CCK (McLaughlin and 
Baile, 1980). Maggio and Vasselli (1989) have found 
specific alteration in the obese rat's satiety response to 
intragastric infusion of different macronutrlents. Despite 
the obese rat's hyperphagia on carbohydrate diet such as 
laboratory chow they have found that its satiety response 
to glucose and other simple sugars is comparable to that 
of its lean control rats. 
Besides endogenous anorectic substances some 
external physical factors such as exercise and rotation 
are also reported to affect the feeding behaviour. 
6.11 Exercise 
Exercise has been reported to reduce food intake 
by facilitating the hypothalamic release of corticotropin 
releasing factor (CRF), a potent anorectic neuropeptide 
(Morley, 1989). Exercise has been frequently described to 
activate the hypothalamic pituitary axis (Galbo, 1986) it 
has more recently been shown to increase the production of 
CRF in hypothalamic paraventricular nucleus (Harbuz and 
Lightman, 1989). Rivest and Richards (1990) have 
demonstrated that in rats infused with CRF antagonist, 
exercise exerted no effect on food intake suggesting that 
CRF plays a major role in the anorexia caused by exercise 
in male rats. 
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6.12 Rotation induced anorexia 
Ossenkopp et al (1989) shov?ed that when mice were 
rotated for 60 min. (70 rpm, schedule of 15 sec on, 5 sec 
off), the rotation produced a significant reduction in 
feeding. Injection of naloxone, the opiate antagonist 
enhanced the rotation induced anorexia possibly by 
intensifying rotation induced motion sickness in the mice. 
6.13 Appetite modulation by drugs 
Over the past ten years increasing attention has 
been paid to the role of pharmacological agents in the 
treatment of obesity. Anorectic drugs can lead to 
substantial reduction in body weight and body fat. The 
available appetite suppressant (anorectic agents) are 
primarily phenylethylamine derivatives acting by central 
mechanism through potentiation of J3-adrenergic, 
serotonienergic or dopaminergic mechanisms. Amphetamine 
is best characterized by activation of dopaminergic and/or 
B-adrenergic receptors within the lateral perifornical 
hypothalamus (Hoebel and Leibowitz, 1981). Phenyl 
propanolamine has been postulated to exert its anorectic 
action primarily via activation of alpha/noradronergic 
receptors within the paraventricular hypothalamic nucleus 
(Wellman and Davies, 1990). Fenfluramine is a 
serotoninergic agonist and produces anorexia by mediating 
the release and inhibiting the reuptake of serotonin at 
nerve endings (Garattini, 1981). Other drugs acting in a 
similar manner are femoxitine and zimelidin. Piribedil, a 
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dopamine agonist, suppresses food intake in rats and this 
effect is blocked by piiaozide, a dopamine antagonist 
(Carruba et al, 1980). All these drugs are short term 
adjuncts to caloric restriction and have several 
disadvantages including limited effectiveness, side 
effects on CNS, development of tolerance, abuse potential 
and rebound hyperphagia on discontinuance (Sullivan and 
Gruen, 1985). 
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7. Scope and Plan of Investigations 
Amongst all the theories factors and endogenous 
substances proposed so far as regulator of hunger and 
satiety (Table 1) highly specific in inhibiting the food 
intake is a serum glycoprotein of 50 kDa MW which upon 
administration to rats reduce food intake significantly. 
Knoll (1979, 1982, 1987, 1988) has described this 
substance as rate limiting blood borne anorexigen and 
coined a term satietin for it. Now the question is a 
substance cannot be simply blood borne, there must be an 
origin of such substance in the body from where it is 
being released into the circulation and is responsible for 
regulation of appetite. There is common observation that 
in acute and chronic inflammatory conditions as well as in 
infectious diseases including immunodeficiency virus 
infection, cancer, T.B., hepatitis and amoebiosis etc., 
anorexia or loss of appetite is common symptom. 
Furthermore, in most of these diseases destruction of 
cells is another common feature. Therefore it seems 
logical to assume that due to membrane damage, 
comparatively large amount of membrane constitutents are 
released into the circulation which are ultimately 
responsible for causing anorexia. Considering these 
factors and its glycoprotein nature Kidwai & Upreti in our 
lab looked for a similar protein in various animalg' cell 
surface membranes. The protein isolated from human and 
rat RBC, rat liver, brain and intestinal epithelial cell 
membranes was found to be highly significant in inhibiting 
Table 1: List of neurotransmitters regulating food intake 
Type Neurotransmxtters Activity 
Monoamines Adrenaline 
Noradrenaline 
Dopamine 
Serotonin 
Peptides Cholecystokinin 
Corticotropin releasing hormone 
Oxytocin 
Bombesin 
Somatostatin 
Neuropeptide Y 
Peptide YY 
B-endorphin 
Met-enkephalin 
Dynorphin 
Thyrotropin releasing hormone 
C-His-Pro 
Calcitonin 
Calcium chloride 
Neurotensin 
Amy1in 
Cachectin or Tumor necrosis factor 
+ 
+ 
+ 
+ 
Amino acid 
Hormones 
Gama amino butyric acid 
Insulin 
Glucagon 
Thyroxin 
-,+ 
+ 
Proteins 
Others 
Satietin 
Prostaglandin-E 
Interleukin-1 
Physical 
factors 
Rotation 
Exercise 
+ Increased food intake 
- Decreased food intake, 
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food intake when injected in rats or mice (Kidwai and 
Upreti, 1989, 1990a, 1990b). Because of its satiety 
induction and membrane origin this protein has been named 
as "satiomem'. Recent studies (Kidwai and Upreti, 1993) 
have also shown the presence of similar protein in plant 
source. Satiomem isolated from mung bean sprouts was also 
found to be equally significant in inhibiting the similar 
food intake. The objectives of present study are 
defined as follows: 
1, Considering the ubiquitous presence of satiomem in 
various animal cell membranes- a possibility of 
presence of similar protein in different plant 
membranes is also predicted. An attempt will be made 
to test the possible presence of similar protein in 
different plant cell membranes. 
2. To observe the effect of repeated dose of satiomem. 
3. To find out the most suitable detergent for the 
release of satiomem from plant cell nembranes. 
4. To test the removal of detergent and ~CA through 
dialysis. 
5. To test the therapeutic effect of satiomem in 
treatment of obesity of diabetic obese rats. 
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1. Animals and Chemicals 
Male albino rats of wistar strain weighing 150+5g 
and Swiss albino mice weighing 30 + Ig were procured from 
T.T.R.C. animal breeding centre, Lucknow. Sodium 
deoxycholate and Sodium chloride were from Himedia, 
Bombay, Triton XlOO, Triton X114, Tween 80 and Nonidet P-
40 were from Boehringer Mannhiem, Germany. Digitonin, 
Bovine sejrum albumin, Mannose and Dialysis bags were from 
Sigma Chemicals, USA. Acrylamide, Bisacrylamide, TEMED and 
Silver nitrate were from BDH, London. Coomassie brilliant 
blue R-250, Coomassie brilliant blue G-250, Tris 
hydroxymethyl aminomethane, Periodic acid, Schiff reagent, 
CUSO4, Resorcinol, Folin-ciocolteu reagent and Tri-
chloroacetic acid were from SRL, Bombay. ZnS04, Ba(0H)2, 
Na2C03, Na2HC03 and DTA were from Glaxo chemicals, Bombay. 
Sodiuum potassium tartarate. Sodium metabiisulfite and 
Ferric chloride were from Sarabhai chemicals, Bombay. 
DEAE-Sephadex was from Pharmacia, Sweden. All other 
chemicals and reagents used were of analytical grade. 
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2. Plant sources 
For isolating satiomem from plant cell membranes 
such plant sources were selected which can be easily grown 
under laboratory conditions. Both dicotyledon and 
monocotyledon plants were studied. Amongst dicotyledons 
Mung bean (Phaseolus radiatus) and Chick pea (Cicer 
arietinum) belonging to legiiminosae family were used. 
Prom Monocotyledons, Wheat (Triticum aestivum) and Rice 
(Oryza sativa) of gramineae family were used. Plant 
sprouts were selected as the source as its being the fast 
germinating part contains rapidly multiplying cells, The 
major advantage was to obtain higher yield of plasma 
membrane. Healthy seeds were thoroughly washed with 
potassium permangnate solution and clean seeds were 
soaked overnight in distilled water. Seeds were then 
spread on moist cotton bed in a glass tray and allowed to 
sprout in an incubator at 25 C for three to four days. 
Sapling with 5-6 cm length were removed and seed lobule 
was discarded. Remaining sprout containinc root and 
coleoptile was kept in cold distilled water and used as a 
source for the isolation of satiomem. In a separate 
study, all the three portions of sapling root, sprout and 
coleoptile were used individually for the isolation of 
satiomem. For routine detailed studies mung bean sprouts 
were used as the source. 
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3. Isolation of satiomem from plants 
Sprouts were washed with cold distilled water and 
homogenized first in a waring blender using cold SmM Tris 
HCl buffer (pH 7.5). Homogenization was carried out by-
gradual addition of small amount of sprouts in blender. 
Further homogenization was carried out in a Potter-
Elvehjem type homogenizer at maximum speed. All the 
o 
operations were carried out at 0-4 C. A 15% (w/v) 
homogenate was made in Tris HCl buffer. Homogenate was 
then filtered through a clean double layered cheese cloth. 
Fibrous material was discarded. Filtered homogenate was 
then centrifuged at 700 g to remove cell debris and 
fibrous material. Supernatant was further centrifuged at 
1500 g to remove nuclear fraction, remaining supernatant 
was centrifuged at 12000g to remove mitochondria and 
chloroplasts. Routinely, the supernatant obtained 
containing membrane fraction and cytosol was treated with 
1% (w/v) final concentration of sodium deoxycholate at 25 
C for 2 to 3 hr. with constant stirring to release 
satiomem from membranes. Stirring was carried out at low 
speed using magnetic stirrer, care was taken to avoid the 
frothing. Following detergent treatment, preparation was 
precipitated with TCA 5% (w/v final concentration) and 
0 
kept at 0-4 C for 4 hr. Preparation was centrifuged at 
10000 g for 20-30 min to remove the denatured protein. 
The supernatant containing TCA soluble proteins was 
dialyzed rigorously against distilled water. Dialysis was 
carried out in a 2 litre beaker with constant stirring and 
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frequent changes of water. Dialysis was carried out for 3 
to 4 days until free of TCA and salt including 
deoxycholate. Dialyzed preparation was again centrifuged 
at 10000 g for 30 min. Samples were freeze dried and kept 
o 
at -20 C until further use. 
4. Column chromatography 
Further purification of satiomem was carried out 
on DEAE-sephadex A-25 (Pharmacia) column (1x30 cm). Column 
was equilibrated with 5mM Tris buffer containing 0.1 M 
NaCl until a straight line is obtained on recorder. 
Lyophilized sample containing satiomem was dissolved in 
5mM Tris buffer (pH 7.5) containing 0.1 M NaCl and loaded 
on sephadex column. Elution of proteins was carried out 
by discontinuous gradient of NaCl, (0.1 M NaCl to 0.4 M 
NaCl) . Fractions were collected in tubes attached to 
automatic Gilson fraction collector. Elution was 
continuously monitored by Uvicord II. Fractions of major 
peaks were subjected to rigorous dialysis against 
distilled water with continuous stirring and frequent 
changes of water to remove buffer and salts. After 
dialysis, fractions were freeze dried and checked for its 
biological activity. Fractions exhibiting anorectic effect 
o 
was freeze dried and stored at -20 C until further use. 
5. SDS Polyacrylamide Gel Electrophoresis 
To check the purity and the molecular weight of 
isolated satiomem SDS-PAGE was carried out. Gels vere 
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prepared according to the procedure of Laemmali (1970). An 
acrylamide bisacrylamide solution in the ratio of 37:1 was 
prepared. For preparing a 10% lower or separating gel, 
acrylamide bisacrylamide solution was mixed with 1.5 M 
Tris HCl buffer (pH 8.8), SDS 1% (final concentration), 
.ammonium persulfate (1.8%) and TEMED (0.7%). The 
separating gel was poured into presealed vertical slab of 
1.5 mm thickness. Gel was poured slowly from the side 
corner of slab keeping the slab in slanting position and 
slowly erecting it to vertical position to avoid formation 
of any air bubble. Lower gel was filled just below the 
point marked for the comb. The separating gel was left for 
polymerization for 1-2 hr. It was overlaid with a thin 
Eilm of distilled water to prevent the entry of oxygen 
which may interfere in free radical formation, as well as 
to prevent the drying of the surface. Once the separating 
gel was set and a smooth surface obtained, the excess 
water was decanted and stacking or upper gel containing 
acrylamidebisacrylamide (4% final concentration), 0.5M 
Tris HCl buffer (pH 6.8), SDS, ammonium persulfate and 
TEMED in concentration as described for separating gel was 
poured. A plastic comb of 1.5 mm thickness was placed 
into the upper gel. A thin layer of distilled water was 
overlaid and left for polymerization. Samples were 
prepared by dissolving proteins in 0.5 M Tris HCl buffer 
pH 6.8 containing 5mM EDTA, 1% SDS, 1% 2-mercaptoethanol, 
8M urea and 10 microlitre of broraophenol blue dye. 
Samples were heated in boiling water bath for 10 min. 
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Each well was loaded with 20-30 microlitre sample 
containing equal amount of protein. Initially the gels 
were run at 60 mA current followed by a constant current 
of 40 mA. Movement of the dye was monitored, when it 
reached near to the end of the gel, current was 
disconnected and slab removed. The gel was taken out and 
stained accordingly. 
5.1 Coomassie blue staining 
Proteins in gel were initially fixed in 10% TCA 
for 30 min and gels were stained with 0.25% coomassie 
brilliant blue in 5% methanol and 10% acetic acid for 2 
hr. Gels were destained by 35% methanol and 7% acetic 
acid. 
5.2 PAS staining 
Periodic acid schiff staining was carried out to 
stain the glycoproteins. Gels were fixed in 40% ethanol 
and 5% acetic acid. PAS method involved oxidation of 
glycoprotein with 0.7% periodic acid solution for 2-3 hr. 
Excess periodate was reduced with 0.2% sodiiim 
metabisulfite for 2-3 hr with one solution change after 
30 min. Oxidized glycoprotein in gel is then stained with 
schiff reagent. Colour developed after 18 hr at room 
temperature under dark condition. Gels were then 
incubated in 0.2% potassium metabisulfite in 40% 
ethanol and 5% acetic acid for 90 min at 55 °C with 
occasional shaking to enhance the visibility of 
glycoprotein bands (Konat et al 1984). 
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5. 3 Silver staining 
For enahanced visibility of protein bands, silver 
staining of gels was carried out (Merril et al, 1981; 
Garfin, 1990). Gels were fixed in 40% methanol emd 10% 
acetic acid. Gels were then soaked for 3-10 min in 200 ml 
of fresh oxidizer solution containing 0.0034M potassium 
dichromate and 0.0032 N nitric acid. After washing off 
the yellow colour with distilled water, gels were soaked 
in fresh 0.012 M silver nitrate reagent for 15-30 min, 
colour of protein bands was made visible by developer 
containing 0.28 M sodium carbonate and 1.85% para 
formaldehyde. Development was stopped by 5% acetic acid. 
Gels were scanned using an EC gel scanner model EC910 
attached with a Hewlett-Packard 3390 A reporting 
Lntegerator. 
6. Assay of Anorexigenic Activity of Satiomem 
Biological activity of satiomem was checked in 
murine animals. Male swiss albino mice weighing 30- 1 g 
and deprived of food for 96 hr were used for testing the 
anorexigenic effect of satiomem isolated from different 
dicot and monocot plant sources. Group of 5-7 mice were 
caged individually in stainless steel metabolism cage and 
had free access to drinking water. Lyophilized satiomem 
samples were dissolved in normal physiologic saline and 
0.4 ml containing 100-150 ug of satiomem was injected 
intraperitoneally, control group of animals received 
normal saline only. After injection a time of 1 hr was 
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allowed for satiomem to reach into the circulation. After 
1 hr of injection, weighed amount of feed pellets were 
given and consumption of food by mice in 1 hr was 
ascertained by measuring the change in weight of pellets. 
Similarly, food consumption in 6 hr and 24 hr was again 
measured. Anorexigenic activity was defined as the 
percent decrease in food intake in either 1 or 24 hr after 
the satiomem injection relative to the food intake by 
respective saline injected control. 
To rule out the possibility that traces of 
substance and chemicals used during purification of 
satiomem might be interfering in loss of appetite, 
separate experiments had been carried out in our lab by 
injecting intraperitoneally other proteins, Na-TCA, NaCl, 
and Na-deoxycholate individually. However, none of these 
substances were found to influence any change in food 
intake. For biological activity rat model system was also 
found to be equally good. Furthermore, animals deprived 
of food for overnight as well as unfasted ones also showed 
similar results as that of 96 hr food deprived animals. 
7. Choice of Detergent for Selective Membrane Disruption 
Detergents are class of compounds distinghished by 
their amphiphilic structure, forms micelles and are thus 
soluble in water. Being amphiphilic in nature detergents 
can infiltrate into the membrane bilayer to interact with 
proteins including enzymes in hydrophobic domain. 
Detergents have been used to fully or partially disr-^pt 
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the membrane, extraction of membrane components and the 
reconstitution of membrane proteins into defined 
lysosomes. The solubilization of membrane by detergents is 
based on the conversion of membrane bilayer to mixed 
micells of detergents and membrane constituents. Depending 
on the detergent concentration the solubilization appears 
to occur in three stages (Helenius and Simons, 1975; 
Lichtenberg et al, 1983). The prelytic stage occurs at 
the concentration of detergent which enables it to enter 
into the membrane without rupturing the bilayer structure, 
the lytic stage begins once the membrane saturation 
concentration has been reached, when all membrane 
constituents became mixed micelles, this marks the onset 
of complete cell solubilization stage. It is conceivable 
that each stage of membrane solubilization by detergents 
v^ ill influence rhe functional activity of enzymes system. 
Based on lyotropic mesomorphism, the mode of detergent 
insertion has been classified into two types. Type A 
detergents inserts in its monomeric form. The hydrophobic 
moiety of molecule is linear such as the case with octyl 
glucoside, triton XlOO and dodecyl sulfate. Type B 
detergent is incorporated in the membrane in an oligomeric 
form The hydrophobic moiety of such a molecule for 
example deoxycholate is complicated. The type A detergents 
may cause membrane lysis by increasing bilayer curvature 
(Haydon and Taylor, 1963) while the type B detergents may 
chop up the bilayer into small disc like pieces. In 
addition these detergents behave differently in the 
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solubilization of membrane components (Shiao et al, 1989). 
Choice of detergent is an important factor for the 
isolation of proteins from membrane. The choice is 
usually dependent on its ability to preserve enzymatic 
activity as well as protein structure. The ionic charge 
or non ionic nature of detergent as well as the critical 
micellar concentraion (cmc) are among the factors that can 
modify the detergent protein interactions. Hence these 
factors have to be considered during membrane 
solubilization. 
It is suggestive that different detergents 
depending on the differences in polarity, cone, hydropho-
bicity and length of hydrophobic chain are able to 
interact with membrane in different manners. Some 
detergents remove only extracellular anchor proteins, 
other are capable of reaching to the hydrophobic domain of 
membrane and thus releasing integeral proteins still other 
disrupt the membrane and release deeply embeded integeral 
proteins. 
To find out the most suitable detergent for the 
isolation of satiomem from cell membranes, various 
commonly used nonionic and anionic detergents including 
Sodium deoxycholate. Triton XlOO, Triton Z114, Digitonin, 
Nonidet P-40 and Tween 80 were tested. A final 
concentration of 1% (w/v or v/v) was used. Membrane 
preparations were treated with detergents for 2-4 hr with 
0 
constant stirring at 0-4 C. Following the detergent 
treatment the TCA-precipitation and dialysis steps were 
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carried out as described earlier. Biological activity of 
isolated satiomem was analysed and its carbohydrate and 
protein content was measured. 
8. Removal of Detergent Salt and Acid 
To inile out the possibility that during the 
isolation and purification of satiomem, acid and detergent 
might remain bound to protein and could interfere in 
ongoing bioassays, attempts were made to observe their 
possible interference. 
Mung bean sprouts were homogenized and treated 
with sodium deoxycholate (1% w/v,final concentration) for 
two hr. Preparation was then precipitated with TCA (5% 
w/v, final concentration). 50 ml of TCA supernatant 
containing satiomem was filled in dialysis bag (obtained 
from Sigma), 250 ml of distilled water was used for 
dialysis and same volume was changed at different time 
intervals for 6 days and subsequently 500 ml of distilled 
water was changea at every 24 hr. At each interval water 
samples were analysed for acid and deoxycholate contents. 
Amount of deoxycholate dialysed out from the bag was 
estimated employing the method for cholesterol estimation 
(Zlatkis et al, 1953). Release of acid was analysed by 
ctiange in pH of water. 
9. Effect of Alloxan and Streptozotocin 
It is well known that diabetic patients as well as 
rats exhibit hyperphagia. Diabetic patients are known to 
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remain hungry most of the time and become obese (Strieker, 
E.M.,1984). Many complications can arise due to obesity 
such as hypertension, increased incidence of gall stone 
and lowering of life expectancy etc. In an attempt to 
observe the possible therapeutic effect of satiomem emd to 
observe if administration of satiomem reduces food intake 
of obese rats and brings them to normal lean stage, 
attempts were made to raise diabetic obese rats. Both 
alloxan and streptozotocin are well known for possessing 
diabetogenic properties by causing selective destruction 
of pancreatic B- cells in several species. They have been 
used extensively for inducing experimental model of 
diabetes mellitus in animals. Mayer and Bates (1952) have 
shown that alloxan induced diabetic rats showed 
hyperphagia and gained weight compared to control rats. 
Ikeda et al (1980) showed that streptozotocin induced 
hypoinsulinemia and sustained diabetic hyperphagia in lean 
rats. 
Three group of 5-7 rats were fasted overnight and 
injected intraperitoneally with freshly prepared alloxan 
or streptozotocin at a dose of 12.5 mg and 6.0 mg per 100 
g of body weight, respectively. Third group of animals, 
received normal saline only and were used as control 
group. Solutions of alloxan and streptozotocin were 
prepared in 0.9% (w/v) saline and 0.1 M citrate buffer (pH 
4.5) respectively. Blood glucose was estimated by the 
method of Nelson and Samogyi (1965). Results are 
expressed as mg/dl (mg % ) . Individual rats were caged in 
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stainless steel metabolism cages, their daily food 
consumption was observed. For the first three days after 
injection their water consumption and volume of urine 
excreted was also observed. 
10. Other determinations 
10.1 Protein estimation 
Protein was estimated according to the method of 
Lo\>rry at al (1957) using bovine serxim albumin as standard. 
In the experiment of isolation of satiomem by different 
detergents, protein was estimated according to the method 
of Bradford (1975) using coomassie brilliant 'blue G250 
dye. 
10.2 Carbohydrate estimation 
Total carbohydrate was estimated according to the 
method of Roe (1955) using galactose as standard. 
Absorbance was read at 430 nm. 
10.3 Blood glucose estimation 
Blood glucose was estimated according to the 
method of Nelson and Somogyi (1965). Blood was 
deproteinized by ZnS04 ^^ *^  Ba(0H)2. Supernatant containing 
only reducing sugars was treated with alkaline copper 
reagent and arsenomolybdate colour reagent. Absorbance 
was read at 540 nm and compared with glucose standard. 
10.4 Estimation of deoxycholate 
Presence of sodium deoxycholate was analysed by 
measuring the cho le s t e ro l content employing the method of 
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cholesterol estimation (Zlatkis et al, 1953). Absorbance 
was read at 440 nm. For a comparative analysis standard 
cur-ve was plotted using different concentration of 
deoxycholate. 
11 Statistical analysis 
The results are expressed as mean + standard 
deviation o" . From standard deviation standard error 
2 (T /n was calculated where n is number of observations. 
For comparing values of treated with control student's 't' 
test was employed, t value was calculated as: 
xi^X2 
t = 
si (S.Ei)^ - (S.E2)^ 
Where x'l = Mean of control 
X2 = Mean of treated 
SE^ = Standard error of control 
SE2 = Standard error of treated 
t value thus calculated was read on t distribution 
table at corresponding variable )) (where V = n-1) . 
Differences were considered significant at p<0.05. 
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1 Isolation of satiomem from different plant sources 
Considering the ubiquitous presence of satiomem in 
various animal cell membranes a possibility of its 
presence in different plant membranes was the subject 
matter of investigation. In the first instance angiosperm 
plants were selected for the isolation of satiomem. Both 
dicotyledons and monocotyledons plant sources were 
attempted. Amongst these classes few species were chosen 
which could easily be grown in laboratory conditions all 
over the world. Isolation of satiomem was carried out by 
using germinating or early developmental stage of plant 
i.e. sprout portion, as it contained maximum 
metabolically dividing young cells having large quantities 
of membrane. Another advantage with sprouts is the 
presence of least quantities of fibrous material, starch 
and chlorophyll. They also contain soft cell wall which 
can easily be disrupted by single homogenization procediire 
and could provide easy accessibility for detergents and 
chemicals to interact with plasma membrane. 
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For the isolation of satiomem from membranes, 
fresh sprouts were cut into pieces and homogenized in a 
Weiring blender at maximum speed. The pulpy suspension was 
then homogenized in a Potter-Elvehjem type homogenizer. A 
25-30% (w/v) homogenate in deionized water was prepared. 
Homogenate was passed through double layer of cheese 
cloth. Cell debris, nuclear and mitochondrial fractions 
were removed by differential centrifugation. Membrane 
fractions were treated with mild detergent to release the 
surface anchored glycoproteins. Satiomem being 
proteoglycanic in nature contain 70-80% carbohydrate was 
found to be present in soluble fraction of TCA. This 
property provided an additional advantage in its isolation 
and purification as majority of high molecular weight 
proteins are precipitated by TCA and low molecular weight 
proteins and peptides are removed during the next step of 
dialysis. Besides low molecular weight proteins, dialysis 
also removes buffer, salt, TCA and deoxycholate. Dialysis 
0 
was always carried out in cold (0-4 C) to prevent any 
possible growth of bacteria with continuous stirring and 
change of water. Following the dialysis the samples were 
freeze dried in lyophilizer. 
TCA precipitation and dialysis yielded signifi-
cantly pure protein. Further purification was carried out 
using DEAE-sephadex A-25 column. Concentrated material 
was dissolved in Tris HCl buffer pH 7.5 containing 0.1 M 
NaCl and fractionated on sephadex column using stepwise 
NaCl gradient starting with O.IM NaCl cone, to 0.4 M NaCl 
0 
cone. Two major protein peaks were observed (Fig. 3). 
Fractions of each peak were collected and tested for its 
biological activity following the dialysis and 
lyophilization. Biologically active fraction was obtained 
in 0.2 M NaCl eluate. Proteins eluted from other NaCl 
concentrations were devoid of biological activity. 
Fraction showing biological activity was further 
characterized on SDS polyacrylamide gel electrophoresis to 
determine the molecular weight. A single band 
corresponding to approximate molecular weight of 50 KDa ^^^o-^) 
was obtained. The position of band remains same 
irrespective of staining procedure adopted ie. either with 
coomassie blue and silver staining or wich PAS-staining. 
PAS staining further suggested the glycoprotein nature of 
the protein. 
Bioassay of purified satiomen isolated from 
membranes of di and monocotyledonous plants was carried 
out in overnight fasted mice. Satiomezi was generally 
administered through intraperitoneal route. Earlier 
studies in our lab have shown that intramuscular or 
intravenous injection also yielded similar response. 
However, administration of satiomem through gastric 
intubation did not exhibit its effect which may be due to 
possible aegradation of satiomem inside the stomach. 
Comparing the food consumption of satiomem injected mice 
with the saline injected controls it was found that mice 
injected with satiomem showed marked reduction in food 
intake, intraperitoneal administration of mung as.i chick 
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pea satiomem showed 40-50% reduction in food consumption 
(Table 2) after 1 hr and 6 hr of injection and remained 
upto 30-35% until 24 hr. However, in all the cases 
animals were consiiming their normal diet after 48 hr. This 
anorectic response was similar to one observed with 
satiomem isolated from animal cell surface membranes. 
Detailed studies were carried out with mung sprout and 
presence of satiomem was also checked in its coleoptile 
and root portion. Satiomem isolated from these regions 
also showed more or less similar response of biological 
activity as that of sprout portion. In routine preparation 
only sprout portion was selected because unlike coleoptile 
it is devoid of chlorophyll which otherwise will be an 
additional contaminant and also it is free from any 
bacterial or fungal growth which the roots are very prone 
because of continuously remaining embeded in wet cotton 
bed. 
Anorectic response of satiomem isolated from 
monocotyledon plant sources was slightly different, quite 
significant reduction in food consumption was observed 
during 1 hr following the i.p. injection but this effect 
diminished in 6 hr in case of wheat and within 24 hr in 
case of rice (Table 3). This type of response was 
entirely different from the responses observed by satiomem 
isolated from other animal and plant sources. Comparing 
the carbohydrate and protein content of satiomem isolated 
from dicot and monocot plant sources (Table 6) it was 
found that protein content of satiomem isolated from 
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monocot plant sources was lesser than satiomem from dicot 
sources. However, other properties such as TCA 
solubility, ionic strength of eluting NaCl and molecular 
weight were the same. Both mung and chick pea belong to 
Legiiminosae family and wheat and rice belong to Gramineae 
family. This short teirm effect of biological activity and 
difference in chemical composition could be either due to 
family specificity having minor differences in protein and 
carbohydrate content or could be due to the presence of 
another species of satiomem. Similar biological activity 
responses were observed using rat and mice model systems. 
2 Effect of repeated dose of satiomem 
Repeated administration of satiomem at every 72 hr 
revealed a consistent pattern of anorectic response with 
sajne onset and offset timing. Four injections (i.p) of 
satiomem were given to a group of seven rats at every 72 
hr. After every injection 40-50% reduction in food 
consumption was observed upto 6 hr (Table 4) and this 
effect remained upto 35-40% until 24 hr. However, this 
effect completely diminished to 2-4% by the end of 48 hr 
of injection. Animals analysed after 72 hr again showed 
the resumption of their normal diet as that of controls. 
There was no such apparent behavioral change or adverse 
effect observed during or after the treatment. From this 
study it was concluded that repeated administration of 
satiomem exhibited similar pattern of anorectic response 
without any adverse side effect or rebound of activity 
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and after 72 hr of each injection animals become as normal 
as controls. 
3 Effect of various detergents 
Mild detergent treatment was found to be essential 
for the release of satiomem from membranes but the 
suitability of a detergent was an essential criterion. It 
was necessary to test other common detergents used for 
membrane disruption. Some detergents are later on 
difficult to remove from the preparation, hence, could 
interfere with the ongoing estimations and/or assays. 
Various detergents forms complexes with the proteins by 
covalent binding and may change property of the protein 
(Helenius and Simons, 1975). Detergent may also induce 
malaise or averse liking for food. Considering these 
factors an attempt was made to find out the most suitable 
detergent for our experiments. Some commonly used anionic 
and nonionic detergents were tested for the release of 
satiomem from membranes including Sodium deoxycholate, 
Digitonin, Triton XlOO, Triton X114, Tween 80 and Nonidet 
P-40. It was observed that satiomem released from nxDst of 
the nonionic detergents showed unusually high anorectic 
effect. Satiomem isolated by Triton XlOO and Nonidet P-40 
showed 70-80% reduction in food consumption (Table 5) and 
this effect remained upto 24 hr. Satiomem isolated by 
other nonionic detergents Triton XI14 and Tween 80 showed 
usual anorectic response, its effect remained 30-40% upto 
6 hr and this effect diminished to 12% in case of Tween 80 
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but remained upto 25% in case of Triton X114 (Table 5). 
Amongst nonionic detergents, digitonin released satiomem 
showed less and short term anorectic effect. Satiomem 
isolated by using digitonin showed anorectic effect of 27% 
after 1 hr of injection and this effect diminished to 12% 
within 6 hr and become negligible after 24 hr. On the 
other hand, deoxycholate treatment revealed significant 
anorectic response of 40-50% upto 24 hr (Table 5). 
Unusually high anorectic effect of satiomem isolated by 
using Triton XlOO and Nonidet P-40 was further tested for 
their possible interference. Separate set of experiments 
were carried out where animals were given i.p. injections 
of low dose of these detergents (0.1% w/v) and food 
consximptions compared with saline injected controls. 
It was observed that i.p. administration of most 
of the nonionic detergents alone declined food consumption 
significantly (Table 5). Triton XlOO and Nonidet P-40 
alone caused 40-60% decrease in food consumption and this 
effect remained 35-45% until 24 hr. Other nonionic 
detergents Triton X114 and Tween 80 also declined food 
consiamption of mice. Injection of these two detergents 
caused 25-28% decrease in food consumption for 1 hr which 
decreased to 17-18% in 6 hr and 6-9% within 24 hr. 
Decrease in consumption of food of mice after being 
injected with detergents suggest the possibility that 
detergents are directly or indirectly releasing endogenous 
satiomem from the cells present in peritoneum cavity by 
causing partial damage to their surface membranes. 
65 
Injection of detergent also attract lots of macrophages at 
the site of injection, satiomem might be released 
endogenously from the membrane of these macrophages 
Furthermore, these detergents may also cause several toxic 
manifestations. Amongst, nonionic detergents used, 
digitonin when administered alone did not influence the 
food consumption suggesting that digitonin at this 
concentration is not able to release sufficient endogenous 
satiomem from cells. The biological activity of satiomem 
isolated by using digitonin was also less and short lived. 
This indicates that digitonin at 1% concentration is 
either unable to release major active part of satiomem or 
is releasing another species of satiomem which has low 
biological activity. However, digitonin may release 
several other proteins from membranes. The overall results 
indicated that due to interference in bioassay, these 
nonionic detergents are not suitable for the isolation of 
satiomem. As most of the nonionic detergents contain long 
hydrophobic chain. It may be difficult to remove them 
completely from the preparation by dialysis. Amongst 
nonionic detergents digitonin which do not have above two 
drawbacks can not be used as the protein released by 
digitonin showed a different pattern of less and short 
term anorectic effect. The anionic detergent sodium 
deoxycholate was found to be the most suitable one, being 
a bile salt it is also considered to be a part of body and 
get metabolized inside the body, it does not interfere in 
bioassays and above all it can be removed from the 
66 
preparation by dialysis. Deoxycholate being a mild 
detergent releases mostly the anchor proteins from the 
surface membrane (Helenium and Simons, 1975). 
4 Other determinations 
Difference in pattern of emorectic response of 
satiomem isolated from dicot and monocot plant sources 
lead us to compare the chemical conposition of satiomem 
isolated from different plant sources. It was observed 
that satiomem isolated from all the plant sources contain 
significantly higher percentage of carbohydrate. Satiomem 
isolated from mung bean and chick pea sprouts contained 
around 80% of carbohydrate and approximately 20% of 
protein (Table 6). Among the different parts of mung bean 
sapling, satiomem isolated from mung coleoptile also 
showed the similar composition of 80% carbohydrate and 20% 
protein, satiomem isolated from mung roots had slightly 
higher content of protein (27%). This pattern of chemical 
composition was similar to one observed with satiomem of 
animal cell membranes. However, the pattern was different 
for satiomem isolated from monocot plant sources, satiomem 
from both wheat and rice sprouts contained 87% 
carbohydrate and 11% protein. Protein content of these 
satiomem was much less as compared to satiomem of other 
plant and animal sources. Biological activity of these 
was also less and short lived suggesting the possibility 
that protein part may be responsible for biological 
activity. Difference in chemical composition and 
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different pattern of anorectic response also suggested the 
possibility of a different species of satiomem having more 
or less similar function. The earlier monosaccharide 
analysis of mung bean satiomem suggested the presence of 
high mannose, galactose and galactosamine content 
substantiating the characteristics of its being a 
proteoglycan . Protein part of this proteoglycan had 
shown the presence of high content of acidic amino acids. 
Chemical composition of mung bean satiomem 
isolated by using different detergents was also compared. 
Satiomem isolated by using different detergents indicated 
(Table 7) high carbohydrate content. They all contained 
80-85% carbohydrate and 15-20% protein. Total protein 
content of satiomem isolated by using digitonin was 
comparatively the lowest. Biological activity of this 
preparation was also less and short lived which further 
substantiate the possibility that protein part of satiomem 
is more likely to be responsible for its biological 
activity. 
5 ReiQoval of sodium deoxycholate and TCA 
For the purification of saticaem from cell 
membranes, treatment of sodium deoxycholate and TCA was 
found to be a prerequisite. To avoid any possible 
interference of sodium deoxycholate and TCA in the assay 
of biological activity prolonged dialysis was carried out. 
To find out whether deoxycholate and TCA were 
completely removed from the preparation, time to time 
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analysis of samples were carried out. Data in Table 8 
shows that initial pH of TCA supernatant (containing 
satiomem) was 1.55 and after dialysis for 12 days its pH 
reached close to neutral. Release of TCA into the water 
was confirmed by initial sharp fall in pH of water used 
for dialysis followed by sustained increase in pH on every 
change. Initial fall in pH of water suggests that 
dialysis of TCA was most rapid during initial changes of 
water. Prolonged dialysis revealed almost neutral pH of 
inside and outside of dialysis bag. 
Table 9 shows the amount of sodium deoxycholate 
released into the distilled water during dialysis. The 
rate of dialysis was very fast during early changes. After 
78 hr of dialysis, 75% deoxycholate was dialysed out. 
Further continuation of dialysis removed remaining 
deoxycholate. No measurable quantity of deoxycholate was 
detected in the samples after prolonged dialysis 
suggesting its complete removal. 
6 Effect of Alloxan and Streptozotocin (STZ) 
Intraperitoneal injection of alloxan (120 mg/kg 
of body weight) and streptozotocin (60 mg/kg of body 
weight) in rats exhibited few prominent features of 
diabetic state. There was five and six fold increase in 
blood sugar level of alloxan and STZ diabetic rats 
respectively (Fig. 5). Four to five fold increase in 
water uptake of diabetic rats was also obseirved. There 
was marked increase almost by 10 times in their daily 
Taole 8: Removal of TCA through dialysis, 
SI. Samples Duration o^ dialysis pH 
No. 
Distilled water 00 nr 7.16 
"CA sucernatant ccnta^nirg 00 "^r 1.55 
""ung sat",CTiem 
Distil'ed water used for 32 i^ 2.24 
-1alys"s 
-30- 36 -^r 2.6'^  
-co- '2 -r 3.C2 
-cc- 2- -'- 3.52 
-CC- 3C --'- 3.62 
-GC- -5 -r 4.02 
-GC- 54 nr 4.42 
13 
1 F 
-CO- 78 '""" 4.25 
-co- '20 •^r 4.22 
-co- eth oay 5.32 
-GO- 7-ri oay 5.40 
-co- Boh oav 6.63 
-co- '2t'" cay 6.86 
'CA suoernatant c c t a m n g •2t'- dav 6.91 
•ung sao^cen 
D^stii^eo water was cangeo at ci^ fere-^ it t -^ e "-^oerva's anc "ts OH wa; 
ceterrm-ea oy o^ reocr. 
Table 9 : Removal of Sodium Deoxycholate through dialysis. 
Change of Durat-on of Amount of Deoxycholate ^ate of 
distilled dialysis released in 250 ml dis- cialysis 
water (hr) tilled water (mg) iv.q/hr) 
1st change 2 112.5 56.27 
2na Change 6 MO.25 27.56 
3rd cnange 12 95.6 5.2 
4tn cnange 24 29.81 2.4 
5th cnange 30 4.01 0.66e 
6tn cnange 43 0.555 0.03 
7th cnange 54 0.264 0.044 
8th change 78 0.112 0.0046 
Total 353.101 
Amount of deoxychola-e present in dialysis bag before dia'ys^s 
= 500 mg 
T o t a l amount o- aeox. -cno la te r e l e a s e d d u r i n g 78 h r o f d i a " . - s - s 
= 253.10- Tig 
Amount of deo/ycho"a^e left inside dialysis bag after "2 cays of 
dialysT s 
= 0.00 -"c iaprox. ) 
50 ml o f TCA supe rna tan t c o n t a i n i n g mung sat icmem was d i a ' y z e d us inc 
250 ml o f d i s t i l l e d .^ater and t h e same volume was changed a t d i f f e r e n t 
t i m e i n t e r v a l s anc a m o u n t o f d e o x y c h o l a t e r e ' e a s e c - n i t was 
d e t e r m i n e d . 
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urinary excretion (TableLO). Similar observations have 
been reported by other researchers (Kumthekar and Katyare, 
1992) also in alloxan and STZ diabetic rats. But one 
observation which we found against our expectations was 
absence of hyperphagia which is well reported by other 
authors (Mayer and Bates, 1952; Friedman, 1978; Ikeda et 
al., 1980). Their daily food intake (Table Li, Fig. 6) 
decreased to subnormal level immediately after alloxan and 
STZ administration and then hyperphagia was observed on 
the next day but thereafter food consumption began to 
decrease in STZ diabetic rats, Slight increase in food 
consumption of alloxan diabetic rats was observed but that 
cannot be characterized as hyperphagia. Sudden decrease 
in food consumption on veiry next day of alloxan and STZ 
injection indicates that due to possible release of 
satiomem following the damage of pancreatic cells by 
alloxan or STZ, the pathogenic anorectic conditions were 
developed. However, as we could not observe the diabetic 
hyperphagia, further experiments of testing the 
therapeutic effect of satiomem were not carried out. In 
future we will try to get genetic obese rats from National 
Institute of Nutrition, Hyderabad and the effect of 
satiomem on genetically obese rats will be taken up. 
7. Conclusion 
Following conclusions were drawn from the above 
studies: 
1) Satiomem was found to be present in all the four 
plant sources tested so far. However, the pattern of 
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Table li: Food consumption of diabetic rats. 
Day Control Streptozotocin Alloxan 
Diabetic Diabetic 
-1 24.85+2.6 24.523+1.8 23.258+2.2 
0 Fasting and injection 
1 24.30+2.7 15.54+1.6 20.078+1.9 
2 18.435+1.9 21.04+2.1 24.75+2.3 
3 24.5022.5 21.50+3.' 25.30+2.3 
4 23.80x2.2 21.20+2.3 2^.90+2.4 
5 21.50+1.9 20.00±1.7 23.00+2.1 
6 23.6CT2.6 19.00+1.6 24.40+2.4 
7 25.00+2.4 21.00+1.5 24.00+2.3 
3 26.33^2.8 22.80+2.1 26.70+2.5 
9 28.00+3.1 27.30+3.2 28.35+2.9 
'0 27.53^3.0 26.50+2.3 27.40+2.6 
Values are mean +• S.D. -rem 5 to 7 rats. 
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anorectic response of satiomem isolated from monocot 
plants was slightly different than the satiomem of 
dicot plants and other animal sources. 
2) Repeated administration of satiomem at every 72 hr 
for 12 days exhibited similar pattern of anorectic 
response without any adverse side effect. 
3) Sodium deoxycholate was found to be the most 
suitable detergent for the release of satiomem from 
different cell membranes. 
4) Sodium deoxycholate and TCA can be removed from the 
protein preparation through rigorous dialysis. 
5) Injection of alloxan and streptozotocin in rats 
produced few characteristics of diabetic state but a 
prominent feature of hyperphagia was lacking because 
of which we could not observe the therapeutic effect 
of satiomem in treatment of obesity of diabetic obese 
rats. 
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Abstract 
The ceisation of eating under normal phvsiologicai conditions is a voluntary act induced by a conscious sensation 
known as satiety In pathological situations there is loss of appetite or anorexia We have been able to isolate and 
characterize a proteoghcan from membranes of mono- and dicotyledonous plant sprouts which reduced the food 
intake significantly when injected into murine iriodel systems without any rebound Due to us membrane origin, it has 
been termed "satiomem' "Hie plant proteoghcan 150 kDa) consisted of 70-85% carbohvdrates and 15-30% proteins 
Kev Mords Satiety, Anorexia. Proteoglycan, Plant sprout 
1. IntriDductioa 
Satiety is an internal state that leads to tennina-
tion of eating under normal physiological condi-
tions. Increased appetite because of some .nipair-
ment of central mechanisms regulating fooa .ntake 
could also cause obesity On the contrary, in 
pathological situations there is loss of appetite or 
anorexia. The mechanisms regulating the appetite 
and food intake behaviour have been the subject 
of intense research for many years. Endogenous 
components of this system are still being iden-
tified. Among the latest are interleukm-l (Hellers-
tein et al.. 1989), cachectin or tumour necrosis 
* Corresponding author 
flTRC cbmmujiicalion no. 1853 
factor (Beutier and Ceramin. 1986; Olifr. 1988), 50 
kDa protein from urine (Ako et a!.. 1988), FS-T 
from rat feces (Tsuda et al.. 1982; Fujimoto et al.. 
1989) and satietin from serum (Knoll. 1979). The 
serum glycoprotein termed by Knoll (1979) as 
satietin was highly specific in inhibiting the food 
intake. It has been described as a rate limiting 
blood born anorexigen (Knoll. 1979. 1985, 1987) 
The prime question was the origin of such sub-
stance which is being released into the circulation 
and responsible for the regulation of appetite. Due 
to its glycoprotein nature we looked for a similar 
protein in various cell surface membranes. The 
protein isolated from human and rat RBC. rat 
liver, brain and intestinal epithelial cell mem-
branes was also found to be highly specific in in-
hibiting the food intake in rats and mice (Kidwai 
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and Upreli, 1989. 1990a,b) Our results turther in-
dicated the possibility of its being a membrane-
anchored proteoglycan Its release from the cell 
surface could possibly be mediated by specific 
phospholipase-C which is known to release anchor 
proteins (Low, 1989) 
Due to Its membrane origin and being a part of 
cell membrane, the more logical and convenient 
term used b> us for this protein is 'satiomem" 
(Latin, saiio for sanation and membrana for mem-
brane) The ubiquitous presence of satiomem in 
membranes of animal cells as well mung bean 
sprout (Kidwai and Upreti, 1993) prompted us to 
look for a similar proteoglycan in the membranes 
of other plant sources A plant source has the 
advantage that large quantities can be isolated and 
U can also replace the utilization of animal 
sources 
2. Materials and methods 
2 1 Plant source 
Satiomem was isolated from Angiosperm plant 
sources Amongst the dicotyledons, mung bean 
(Phaseolm radiatus Linn ) and chick pea {Cicer 
anelinum Linn ) both belonging to the Legum-
inosae. were used From monocotyledons, wheat 
{Triticum aestnum Linn), barley (Hordeum 
\ulgare Linn ) and rice {Or\:a saliva Linn ) of 
Gramineae. and onion roots {Allium cepa Linn ) 
belonging to the Lihaceae were used In the case of 
mung bean, chick pea, wheat, barley and rice 
seeds were allowed to sprout on a moist cotton bed 
at 25°C for 72 h The attached seed lobule was 
removed, while the remaining sprout containing 
the root and coleoptile was used as the plant 
source for the isolation of satiomem Studies on 
the embryonic root and leaf (coleoptile) of mung 
bean sprouts were also carried out separately. In 
the case of onion the bottom side of the bulbs was 
dipped in water and the onion roots allowed to 
grow at 30°C for 1 week Growing root tips were 
cut and collected for the isolation of satiomem. 
2.2 Isolation of satiomem jrom plants 
Homogemzation of plant material was first ear-
ned out in 5 mM Tris-HCl buffer, pH 7.5, m a 
Wanng blender at ful ^oeed using a chilled con-
tamer Further homoge::iZation was carried out in 
a Potter Elvehjem t}pe "omogenizer at maximum 
speed The homogenaie was then filtered through 
either double layers c cheese-cloth or a single 
layer of Mira-cloth Fir-ous material was discard-
ed The plant membrane fraction from the filtered 
homogenate was prer::red by differential cen-
trifugation For routirr preparations the filtrate 
wa'^  centnfuged at 10 '00 x g for 1 h and the 
supernatant discardec The sediment containing 
membranes was used .or further isolation The 
membrane fraction w..- mcubated with T'/d (w/\. 
final concentration) soc um deoxycholate at 25°C 
for 60 min with constat stirring The use of 0 5% 
(wA. final concentratio-| deoxycholate treatment 
for 3 h was found to ce equally good Following 
detergent treatment, the preparation was precipi-
tated with TCA (5% w -. final concentration) and 
kept at 0-4°C for - h and centnfuged at 
10 000 X g for 20-30 mm The supernatant con-
taining acid-soluble proteins was subjected to rig-
orous dialysis agains" deionized water with 
frequent changes until :'ee of acid and salts The 
volume of the sample was reduced b) lyophil-
ization 
2 3 Fractionation on DEAE-Sephadex 
Lvophilized samples were dissolved in 5 mM 
Tns-buffer (pH 7.5) containing 0 1 M NaCl and 
loaded on a DEAE-Seshadex A-25 (Pharmacia) 
column (1 X 30 cm). Sodium chlonde(0 1-0 4 M) 
was used to carry out uie elution A continuous 
momtonng of the effluent was made by Uvicord 
II, and 5 ml fractions were collected with a Gilson 
fraction collecter. The pooled fractions of major 
protem peaks were dialj^ed and lyophilized prior 
to testing for biological activity. The freeze-dned 
active fraction was stored below 0°C until further 
use 
2 4 Biological actiMt} of satiomem 
The bioassay for anorexigenic activity of the iso-
lated satiomem from plant membranes was 
generally earned out m a mouse model system 
Male Swiss albino mice weighing 30 ± 1 g were 
procured from ITRC animal house colony and 
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caged individually in stainless steel metabolism 
cages. The animals had free access to drinking 
water. The isolated, lyophilized satiomem samples 
were dissolved in normal physiological saline and 
injected intraperitoneally (generall> 0.2 ml) The 
control group of animals received saline only. A 
time of 1 h was allowed for the satiomem to reach 
into the circulation uniformly. Then a known 
amount of feed pellets was given and the consump-
tion of food was ascertained after 1, 6 and 24 h by 
the change in weight of pellets. The anorexigenic 
activity was defined as the percentage decrease in 
food intake 1 or 24 h after the satiomem injection 
relative to the food intake by saline injected con-
trol animals. 
2 5 Other methods 
Determination of total proteins and carbohy-
drates was carried out according to Lowr\ et al 
(1951) and Roe (1955), respectiveK. using bo\ine 
serum albumin and galactose as standards SDS-
PAGE was carried out according to the method of 
Laemmli (1970) Confirmatorv' glycoprotein stain-
ing was carried out as described b\ Konat et al 
(1984) Monosaccharide analysis was earned out 
b> h\drolysing the samples in 4 M influroacetic 
acid al !00°C for 4 h Samples were anahsed using 
lon-Pac column HPIC-A 56 on Dionex Bio-LC. 
and monosacchandes were detected b> pulsed 
amperometric detection at 300 nA. Amino acid 
composition after acid hydrolysis was determined 
in an LKB-amino acid automatic anahicr Results 
are generally expressed as mean = S D Com-
parisons were made with appropr.ate controls 
emploNing Student's /-test Difference^ were con-
sidered significant at P < 0 05. 
3. Results and discussion 
We have previously been able to isolate a mem-
brane glycoprotein from animal source which 
significantly reduces food ,ntake in rats upon 
intrapentoneal administration (K.awai and 
Upreti. 1989, 1990a,b). Recently, we aiso isolated 
a similar glycoprotein from mung 't>ean sprouts 
(Kidwai and Upreti, 1993' To estabhsh its ubi-
quitous presence also in plants and its being a part 
of the membrane, an attempt was mace to isolate 
it from the membranes of different monocotyle-
donous and dicotyledonous plant sources. This 
glycoprotein of membrane origin causing satiety 
in an animal model system has been termed 
'satiomem'. The intracellular cytosolic fraction 
was found to be devoid of satiomem activity. 
Germinating plants or plants from an early 
developmental stage were selected for the isolation 
of satiomem. During this stage multiplication of 
cells occurs maximally and larger quantities of 
membranes are available. The first step of the 
membrane glycoprotein isolation is the treatment 
of the particulate material with detergent followed 
by precipitation with 5% TCA. The TC.A.-soluble 
fraction contained the glycoprotein which was 
found to be highly anorexigenic when ad-
ministered to the animals. Mild detergent treat-
ment was found to be an essential step for the 
release of satiomem from membranes. No biologi-
cal activity could be detected if the detergent 
solubiiisation step was omitted. Due to its high 
carbohydrate content, satiomem from all sources 
was found to be present in the TCA-soluble frac-
tion. This property provided an additional advan-
tage in Its isolation and purification as the 
majority of higher molecular weight proteins were 
removed by TCA-precipitation Further dialysis of 
the TCA-soluble fraction resulted in the removal 
of low molecular weight proteins as well as the 
TCA. Fractionation of the concentrated material 
on a DEAE-Sephadex A 25 column revealed that 
plant satiomem is eluted with 0.2 M NaCl (Fig. 1). 
Proteins eluted by other NaCl concentrations were 
devoid of biological activitv. The molecular weight 
of plant satiomem was determined bv SDS-PAGE 
to be 50 kDa (Fig. 2), which is similar to the one 
reported eadier by us from animal membrane 
preparations. 
To isolate the satiomem from membranes, a 
mild detergent treatment was found to be a prere-
quisite. Several commonly used non-ionic or 
anionic detergents were tned (Table 1). Satiomem 
released from most of the non-iomc detergents 
showed very high biological activitv. However, 
intraperitoneal administration of these detergents 
(0.1%) also decreased food consumption 
significantly, indicating the possibilitv that directly 
or indirectly they are releasing the endogenous 
satiomem from cells by causing at least partial 
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Fig 1 DEAE-Seonadex A-25 chromatography of TCA-soluble anoreMgenic substance isolated from mung bean 
( ) sprouts Fractions eluted with discontinuous gradient of sodium chloride 
-) and wheat 
damage to the surface membrane. Amongst the 
non-iomc detergents used, digitonin when ad-
mmisiered mtraperitonealiy did not mfluence the 
decrease in food consumption, suggesting that 
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Fig 2 SDS-PAGE densitometnc tracing of biologically active 
saiiomem isolated and punfied from mung bean sprouts 
digitonin at this concentration does not release 
sufficient endogenous satiomem from cells Con-
comitant!), the biological activits of satiomem iso-
lated by using digitonin was also less and lasted for 
a short time. This indicates that digitonin at 1% 
concenualion either releases a species of satiomem 
which has low biological activity or is unable to 
release the major active part of satiomem. The 
results indicate that due to their interference in 
biological assays, these non-ionic detergents are 
not suitable for the isolation of satiomem. It is also 
difficult to remove them completely from the 
preparations by dialysis. The anionic detergent 
deoxycholate. a bile salt present in the body, was 
found to be the most suitable one. It did not show 
any alteration in food consumption when given 
intraperitoneally. It was also possible to remove it 
from the preparation by dialysis. 
In a previous study we have shown that both rat 
and mouse model systems can be used for bioassay 
on anorexigenic activity. Furthermore, a similar 
anorexigenic response has been observed in 96-h 
fasted, overnight fasted as well as normally fed 
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Table 1 
Effect of satiomem isolated b) using different detergents in overnight fasted mice 
Detergent used for Percent decrease in food consumption 
isolation (1% final cone ) 
I h 6 h 24 h 
Deoxycholate 43 7 ± 4 7* 41 4 ± 4 2* 32 2 ± 3 5* 
(23 ± 03) (1 8 ± 0 2 ) (0 0) 
Digitonin 26 4 ± 2 8 ' 12 0 ± 1 1 5 4 ± 0 6 
(1 7 ± 0 2 ) (00) (00) 
Tmon X-100 68 5 ± 7 5» 84 4 ± 9 8* 89 2 ± 9 8* 
(63 3 ± 7 6) ' (45 4 ± 4 9)* (36 6 ± 4 0) ' 
TntonX-114 41 4 ± 5 0* 334 ± 3 8* 25 0 ± 2 6* 
(28 3 ± 2 8)' (186 ± ! 9)* (6 3 ± 0 8) 
T*een-80 43 2 ± 4 4 * lO 1 ± 3 2 ' 12 2 ± 1 2 
(26 9 ± 3 0)* (172 ± 1 8)' (95 ± 1 I) 
Nomdet P-40 86 7 ± 9 5* 810 ± 9 2 * 85 7 ± 1 0 2* 
(42 2 ± 4 6 ) ' (473 ± 5 0 ) ' (444 ± 4 8)* 
Values are mean ± S D from 5 to 7 animals Values in parentheses are the percent decrease in food consumption following the i p 
administration of 0 1% detergent as compared to the saline control 
•/> < 0 05 
Table 2 
Bioassav of plant satiomem in overnight fasted mice 
Source Food consumption (g) 
1 h 6 h 24 h 
Sai.ne (control) 0 79 ± 0 08 2 41 ± 0 24 6 91 ± 0 71 
Dicotyledons 
(II Mung bean sprout 0 47 ± 0 05* 1 30 ± 0 13* 4 84 ± 0 48* 
{Ph^eolus radialus) (40 0%) (46 0 I (30 0%) 
(a) Mung coleoptiie 0 38 ± 0 04* 1 25 ± 0 13* 4 53 ± 0 50* 
(51 6%) (48 3' I (34 4%) 
151 Mung root 042 ± 0 0 4 * 1 43 =: 0 15* 477 ± 0 4 7 * 
(46 2%) (40" I (31 O-Zo) 
(III Chick pea sprout 0 36 ± 0 04* 1 40 ± 0 14* 4 46 ± 0 45* 
{C ,er arifimumi (54 3'/) (42 U ) (35 5%) 
Mooocorvledons 
(II Wheat sprout 0 46 ± 0 05* 2 10 = 024 6 22 ± 0 69 
{Tr acum aesmum) (42 3%) (12"" I (9 9%) 
(HI Barle\ sprout 0 51 ± 0 03* 2 67 ± 0 18 6 17 ± 0 66 
{Hordeum \ulgare) (35 7%) (7 0^1 (10 6%) 
(ail Rice sprout 0 29 ± 0 03* 171 ± 0 20* 6 24 ± 0 68 
(OT\zasama) (63 0"/.) (29 8") (9 4%) 
(IV1 Onion rnot 0 36 ± 0 04* 1 22 ± 0 13* 3 97 ± 0 41* 
iilhumcepa) (55 0°/) (49 4 u (42 5%) 
\ aiues are mean = S D from ^ to 7 mice Values m parentheses are percent decrease in food consumption Animals received 100 
jxz satiomem intrapentoneall) 
•/> < 0 05 
